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EP 1 048 479 B1 

Description 

BACKGROUND OF THE INVENTION 

5 1. Field of the Invention 

[0001] The present Invention relates to an ink jet recording material having a high gloss and an excellent ink jet 
recording property and to a process for producing the same. 

10 2. Description of the Related Art 

[0002] The recording system using an ink jet printer is advantageous in that the noise level is low, recording can be 
effected at a high speed, and multi-colored images can be easily formed, and thus it is widely utilized in various fields. 
As a recording sheet for the ink jet recording system, woodfree paper sheet having an enhanced ink absorption and 

15 coated paper sheets having a porous pigment-containing coating layer are used. Almost all of these conventional paper 
sheets for the ink jet recording system have a low surface gloss and thus are mat paper sheets. Thus, a new type of 
recording sheet, having a high gloss and a good appearance, has been demanded for the Inkjet recording system. 
[0003] Generally, as a paper sheet having a high gloss, a high gloss coated paper sheet which is produced by coating 
a surface of a substrate paper sheet with a coating layer containing a plate-crystalline pigment and optionally applying 

20 a calender treatment to the coating layer surface, or a cast-coated paper sheet which is produced by bringing a coating 
layer formed on a substrate paper sheet surface into contact with a specular surface of a heated casting drum while 
the coating layer is kept in wetted condition, pressing the wetted coating layer onto the specular surface under pressure, 
and drying the coating layer to cause the specular surface condition of the casting drum to be transferred to the dried 
coating layer surface, are known. 

25 [0004] The cast-coated sheet exhibits a surface gloss and a surface smoothness higher than those of a conventional 
coated and calender-finished paper sheet, and thus an excellent printing effect can be obtained on the cast-coated 
sheet. Thus, the cast-coated paper sheet is mainly used for high class printings. When the conventional cast-coated 
sheets are utilized for the ink jet recording system, various problems occur. 

[0005] The conventional cast-coated paper sheet disclosed, for example, in U.S. Patent No. 5,275,846, has a high 
30 gloss obtained by transferring a specular surface condition from a specular surface of a cast coater drum to a coating 
layer comprising a pigment composition containing a film-forming material such as a binder or adhesive. In this transfer, 
the film-forming material plays an important role. However, the film-forming material causes the porosity of the resultant 
coating layer to be lost, and thus the ink absorption of the coating layer to be significantly decreased. To improve the 
ink absorption, it is important that the cast-coated ink fixing layer is porous and thus can easily absorb the ink. The 
35 increase in the porosity of the coating layer causes the film-forming property of the coating layer to be decreased. For 
this purpose, when the content of the film-forming material in the coating layer is decreased, the gloss of the resultant 
coating layer is decreased. 

[0006] Accordingly, it is very difficult to simultaneously make the surface gloss and the ink receiving property of the 
cast-coated recording sheet satisfactory. 

*o [0007] The inventors of the present invention have found, as disclosed in Japanese Unexamined Patent Publication 
No. 7-89,220 that a cast-coated paper sheet useful for ink jet recording and having both a high gloss and an excellent 
ink absorption can be produced by coating a surface of a paper sheet having a recording layer comprising as principal 
components, a pigment and a binder with a coating liquid comprising, as a principal component, a copolymer produced 
by polymerizing ethylenically unsaturated monomers and having a glass transition temperature of 40°C or more, to 

45 form a coating layer for casting; press-contacting the coating layer for casting with a heated specular surface of a 
casting drum under pressure while the coating layer is kept in wetted condition; and drying the casted coating layer 
on the specular surface of the casting drum. 

[0008] EP-A-0878322 discloses an ink jet recording material comprising a support and a multi-layered ink receiving 
layer including at least one under recording layer and at least one upper recording layer. The under recording and 
so upper recording layers comprise secondary particles of a pigment having an average secondary particle size of 1 0 to 
400 nm and an average primary particle size of 3 to 40 nm. 

[0009] EP-A-0850777 discloses an ink jet recording materia! comprising a substrate and one or more ink receiving 
layers, at least one of which is formed by coating or impregnating the substrate with a coating liquid prepared by mixing 
a dispersion of pigment particles with a cationic resin, and subjecting the resultant dispersion containing agglomerates 
55 of the pigment particles with the cationic resin to pulverize-dispersion procedure to adjust the average particle size of 
the agglomerate particles to 1 urn or less to provide the coating liquid. 

[0010] Currently, in the inkjet recording system, the recording speed has been increased, the definition and accuracy 
of the recorded images have been enhanced, and the full colored image printing has been improved and, thus, an ink 
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jet recording material having a high gloss and being capable of recording thereon colored ink images, having a high 
clarity and a high color density, is in strong demand. For example, the ink jet recording material is required to have 
high gloss and recording quality comparable to those of silver salt type photographic printing sheet. However, at the 
present, it is difficult to fully meet the above-mentioned requirements even when the above-mentioned technology is 
5 utilized. 

SUMMARY OF THE INVENTION 

[0011] An object of the present invention is to provide an ink jet recording material having a high gloss and capable 
10 of recording thereon ink images with a high clarity and a high color density, and a process for producing the same. 
[0012] The above-mentioned object can be attained by the ink jet recording material, and the process for producing 
the same, of the present invention. 

[0013] The ink jet recording material of the present invention comprises a substrate material, at least one undercoat 
layer formed on a surface of the substrate material and a multi-layered ink fixing layer composed of one or more 

15 intermediate ink fixing layers formed on a surface of the undercoat layer and an outermost ink fixing layer superposed 
on the intermediate ink fixing layers, each of the outermost and intermediate ink fixing layers comprises (a) a pigment 
comprising at least one member selected from the group consisting of a silica, alumina silicate, alumina and zeolite, 
the pigment in each ink fixing layer being in the form of fine secondary particles having an average secondary particle 
size of 1 um or less and each secondary particle being composed of a plurality of primary particles agglomerated with 

20 each other to form a secondary particle, and (b) a binder, the outermost ink fixing layer being formed by a cast-coating 
procedure, characterised in that the undercoat layer comprises (a) a pigment in the form of secondary particles having 
a secondary particle size of 1 to 20 u.m, (b) a binder and (c) a complex of a polymer of at least one monomer having 
a least one ethylenically unsaturated bond with colloidal silica. 

[0014] The process of the present invention for producing the ink jet recording material comprises coating a surface 
25 of a substrate material with at least one undercoat layer and then further with a multi-layered ink fixing layer composed 
of one or more intermediate ink fixing layers formed on a surface of the undercoat layer and an outermost ink fixing 
layer superposed on the intermediate ink fixing layers, each of the outermost and intermediate ink fixing layers com- 
prising (a) a pigment comprising at least one member selected from the group consisting of a silica, alumina silicate, 
alumina and zeolite, the pigment for the multi-layered ink fixing layer being in the form of fine secondary particles having 
30 an average secondary particle size of 1 urn or less and each secondary particle being composed of a plurality of primary 
particles agglomerated with each other to form a secondary particle, and (b) a binder, the outermost ink fixing layer 
located outermost of the multi-layered ink fixing layer being formed by a cast-coating procedure wherein a layer of a 
coating composition for the outermost ink fixing layer is brought into contact with a heated specular surface of a casting 
drum under pressure, while the coating composition layer is kept in a wetted condition, and drying the coating compo- 
35 sition layer pressed on the heated specular surface of the casting drum, characterised in that the undercoat layer 
comprises (a) a pigment in the form of secondary particles having a secondary particle size of 1 to 20 urn, (b) a binder 
and (c) a complex of a polymer of at least one monomer having at least one ethylenically unsaturated bond with colloidal 
silica. 

[0015] In the ink jet recording material of the present invention the pigment contained in each ink fixing layer is 
40 preferably silica. 

[0016] In the ink jet recording material of the present invention, a cationic compound having one or more cationic 
groups per molecule is optionally further contained in at least the outermost ink fixing layer of the multi-layered ink 
fixing layer. 

[0017] In the ink jet recording material of the present invention, preferably, the cast-coating procedure for forming 
45 the outermost ink fixing layer is carried out by bringing a layer of a coating composition for the outermost ink fixing 
layer into contact with a heated specular surface of a casting drum under pressure, while the coating composition layer 
is kept in a wetted condition, and drying the coating composition layer on the heated specular surface of the casting 
drum. 

[0018] In the ink jet recording material of the present invention, preferably, the pigment in the multi-layered ink fixing 
so layer is in the form of secondary particles having an average secondary particle size of 1 0 to 500 nm and each secondary 
particle is composed of a plurality of primary particles having an average primary particle size of 3 to 40 nm and 
agglomerated with each other to form the secondary particle. 

[0019] In the ink jet recording material of the present invention, preferably, the multi-layered inkfixing layer comprises 
an outermost ink fixing layer and an intermediate ink fixing layer located between the substrate material and the out- 
55 ermost ink fixing layer, and the outermost and intermediate ink fixing layers respectively contain a cationic compound 
having one or more cationic groups per molecule in an amount such that the intermediate ink fixing layer has a total 
content indicated in units of milli equivalent, of the cationic groups, of 50% or less of the total content indicated in units 
of milli equivalent of the cationic groups contained in the outermost ink fixing layer. 
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[0020] In the ink jet recording material of the present invention, the multi-layered ink fixing layer may comprise an 
outermost ink fixing layer and an intermediate ink fixing layer located between the substrate material and the outermost 
ink fixing layer, and the outermost ink fixing layer may contain a cationic compound, and the intermediate ink fixing 
layer may not contain a cationic compound. 
5 [0021] In the ink jet recording material of the present invention, preferably, the undercoat layer contains a cationic 
compound having one or more cationic groups per molecule, and the total content, in units of milli equivalent, of the 
cationic groups in the undercoat layer, is 50% or less of the total content, in units of milli equivalent, of the cationic 
groups in the outermost ink fixing layer. 

[0022] In the ink jet recording material of the present invention, the surface of the outermost ink fixing layer preferably 
10 has a gloss at a specular angle of 75 degrees of 30% or more, determined in accordance with J IS P 8142. 

[0023] In the ink jet recording material of the present invention, the undercoat layer may not contain a cationic com- 
pound and at least the outermost ink fixing layer in the multi-layered ink fixing layer may contain a cationic compound. 
[0024] In the ink jet recording material of the present invention, the pigment for the undercoat layer preferably com- 
prises at least one member selected from the group consisting of amorphous silica, alumina and zeolite. 
15 [0025] In the ink jet recording material of the present invention, in the multi-layered ink fixing layer, the binder and 
the pigment are preferably present in a weight ratio of 5:100 to 100:100 in terms of binder to pigment. 
[0026] In the ink jet recording material of the present invention, in the multi-layered ink fixing layer, the outermost 
ink fixing layer may contain the binder in a higher proportion, based on the amount of the pigment, than that in the 
intermediate ink fixing layers. 

20 [0027] In the ink jet recording material of the present invention, the binder for the multi-layered ink fixing layer pref- 
erably comprises a polyurethane resin. 

[0028] In the ink jet recording material of the present invention, the polyurethane resin is preferably a cationic poly- 
urethane resin. 

[0029] In the ink jet recording material of the present invention, the binder for the outermost ink fixing layer preferably 
25 contains a polymeric material having a glass transition temperature of -20° to 150°C. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0030] The substrate material usable for the ink jet recording material of the present invention is not limited to a 

30 specific type of materials, and can be selected from paper sheets including acidic paper sheets and neutralized paper 
sheets which are usable for the usual coated paper sheets, and air-permeable plastic resin sheets. 
[0031] The paper sheets usable for the substrate material comprise, as principal components, a wood pulp and 
optionally a pigment. The wood pulp may be selected from various chemical pulps, mechanical pulps and regenerated 
pulps. The freeness of the wood pulp can be adjusted by a beating (pulping) machine, to control the paper strength 

35 and the paper-forming property. There is no limitation to the freeness of the pulp for the substrate material. Usually, 
the pulp has a freeness (Canadian Standard Freeness, CSF) of 250 to 550 ml, determined in accordance with J IS P 
8121 . To reduce a damage to gears for transporting the recording sheet in the printer, the degree of beating the pulp 
for the substrate material is preferably increased, and thus the Canadian Standard Freeness (CSF) of the pulp is 
preferably decreased. However, when the substrate material is produced from a pulp having a relatively high CSF, and 

40 the resultant recording material is printed with an aqueous ink in an ink jet recording system, the recording material 
usually exhibits a high resistance to cockle due to local absorption with the aqueous ink and to blotting of the printed 
ink images. The freeness of the pulp is preferably in the range of from about 300 to about 500 ml. The pigment is 
contained in the paper sheet for the substrate material for the purpose of imparting a desired opaqueness to the paper 
sheet or of controlling the ink absorption of the paper sheet to a desired level. The pigment preferably comprises 

45 calcium carbonate, calcined kaolin, silica, zeolite and/or titanium dioxide. Particularly, the calcined kaolin, silica and 
zeolite exhibit a high absorption of the solvent contained in the ink, and thus are advantageously employed in the paper 
sheet for the substrate material. In this case, the pigment is preferably contained in a content of 1 to 20% by weight in 
the paper sheet. If the content of the pigment is too high, the resultant paper sheet may exhibit a decreased paper 
strength, and may damage the recording sheet-transporting gears mentioned above. Thus, the paper sheet for the 

so substrate material preferably has an ash content of 3 to 15% by weight. The paper sheet for the substrate material 
optionally further comprises an additive comprising at least one member selected from, for example, sizing agents, 
ink-fixing agent, paper strength agents, cationic agents, retention aids, dyes, and fluorescent brightening agents. 
[0032] Further, in a size-press procedure in a paper-forming machine, the paper sheet for the substrate material may 
be coated or impregnated with starch, polyvinyl alcohol, or a derivative thereof or a cationic resin, to control the surface 

55 strength and/or sizing degree of the paper sheet. The sizing degree of the paper sheet is preferably 1 to 200 seconds 
when the basis weight of the paper sheet is 100 g/m 2 . When the sizing degree is too low, the resultant paper sheet 
may exhibit a low resistance to wrinkling during a coating procedure and may cause an operational difficulty. When 
the sizing degree is too high, the resultant paper sheet may exhibit an unsatisfactory ink absorption and a poor resist- 
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ance to curling and/or cockling due to ink jet printing. More preferably, the sizing degree is in the range of from 4 to 
1 20 seconds. There is no limitation to the basis weight of the substrate material. The substrate material preferably has 
a basis weight of about 20 to 400 g/m 2 . 

[0033] In the ink jet recording material of the present invention, a multi-layered inkfixing layer is formed on a substrate 
5 material surface. To enhance the ink absorption capacity and ink absorbing rate of the ink jet recording material, an 
undercoat layer is formed between the substrate material and the multi-layered ink fixing layer. 
[0034] The multi-layered ink fixing layer refers to a coating layer mainly for fixing therein a coloring material, namely 
a coloring dye or coloring pigment contained in the ink for the ink jet recording, and the undercoat layer refers to a 
coating layer mainly for rapidly absorbing the liquid medium contained in the ink. However, the roles of the multi-layered 
10 ink fixing layer and the undercoat layer are not always clearly distinguished from each other. For example, where the 
amount of the ink applied is small, the coloring material of the ink may be fixed only in an outermost ink fixing layer of 
the multi-layered ink fixing layer (namely, a surface layer or gloss layer located outermost of the multi-layered ink fixing 
layer); where the amount of the applied ink is large, the coloring material may be fixed not only in the outermost ink 
fixing layer but also in the intermediate ink fixing layer or layers located between the outermost ink fixing layer and the 
is undercoat layer; and where the amount of the applied ink is very large, a portion of the coloring material in the ink may 
be fixed in the undercoat layer and further in the substrate material. 

[0035] The undercoat layer formed on the substrate material comprises as principal components, a pigment and a 
binder. The pigment to be contained in the undercoat layer comprises at least one member selected from inorganic 
pigments, for example, kaolin, clay, calcined clay, non-crystalline silica (namely amorphous silica), synthetic non-crys- 

20 talline silica, zinc oxide, aluminum oxide, aluminum hydroxide, calcium carbonate, satin white, aluminum silicate, alu- 
mina, colloidal silica, zeolite, synthetic zeolite, sepiolite, smectites, synthetic smectites, magnesium silicate, magnesi- 
um carbonate, magnesium oxide, diatomaceus earth and hydrotalcite; and synthetic resin pigments, for example, sty- 
rene polymers, urea resins, and benzoguanamine resins; which are conventional pigments for coated paper sheet 
production. Among the above-mentioned pigments, amorphous silica, alumina and zeolite are preferably employed as 

25 principal components of the pigment for the undercoat layer, because they have a high ink absorption. 

[0036] The pigment particles usable as a principal component of the pigment forthe undercoat layer have an average 
particle size (when the individual particles are secondary particles each composed of a plurality of primary particles 
agglomerated with each other, an average secondary (agglomerate) particle size), of 1 to 20 urn, preferably 2 to 10 
urn, more preferably 3 to 8 uxn. When the average particle size is less than 1 urn, the ink absorbing rate-enhancing 

30 effect of the pigment on the substrate material may be unsatisfactory. When the average particle size is more than 20 
u.m, the resultant cast-coated layer formed on the undercoat layer may exhibit unsatisfactory smoothness and gloss. 
[0037] However, the substrate material optionally contains, as an additional component, a pigment having a small 
particle size for the purpose of controlling the ink-absorbing property of the undercoat layer and of restricting a pene- 
tration of a coating composition applied onto the undercoat layer into the undercoat layer. As the pigment usable for 

35 the above-mentioned purpose, colloidal silica, alumina sol or fine silica particles to be contained in the multi-layered 
ink fixing layer which will be explained hereinafter. 

[0038] The binder for the undercoat layer preferably contains at least one member selected from proteins, for exam- 
ple, casein, soybean protein and synthetic proteins; starch and various derivatives thereof, for example, oxidized starch- 
es; polyvinyl alcohol and modified polyvinyl alcohols, for example, cation-modified polyvinyl alcohols and silyl-modified 

40 polyvinyl alcohols; cellulose derivatives, for example, carboxymethylcellulose and methylcellulose; latices of conjugat- 
ed diene polymers, for example, styrene-butadiene copolymers and methyl methacrylate-butadiene copolymers; and 
latices of vinyl polymers, for example, arylic polymers and copolymers and ethylene-vinyl acetate copolymers, which 
are widely known as binders for conventional coated paper sheets. These binder compounds may be used alone or 
in a combination of two or more thereof. 

45 [0039] The mixing ratio of the pigment and the binder is variable in response to the types thereof. Usually, the binder 
is preferably employed in an amount of 1 to 1 00 parts by weight, more preferably 2 to 50 parts by weight, per 1 00 parts 
by weight of the pigment. The undercoat layer optionally contains one or more additives selected from, for example, 
dispersing agents, thickening agents, anti-foam agents, anti-static agents and preservatives. The undercoat layer may 
contain a fluorescent brightening agent and/or a coloring material. 

so [0040] In the undercoat layer, a cationic compound is optionally contained for the purpose of fixing the coloring 
material (dye or coloring pigment) in the ink forthe ink jet recording. In this case, however, the coloring material in the 
ink is preferably fixed in a portion of the recording material as close as possible to the recording surface of the recording 
material to cause the color density of the recorded images to be high. This feature will be explained hereinafter. For 
this purpose, the cationic compound is preferably contained in a larger content in the mufti-layered ink fixing layer, 

55 particularly in the outermost ink fixing layer (a gloss layer), than that in the undercoat layer. Preferably, the content of 
cationic compound in the undercoat layer is 50% or less, more preferably 20% or less, of that in the outermost ink 
fixing layer. 

[0041] More preferably, the cationic component is contained only in the multi-layered ink fixing layer, particularly in 
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the outermost ink fixing layer but substantially not in the undercoat layer. The undercoat layer substantially not con- 
taining the cationic compound is allowed to contain a cationic surfactant, as an auxiliary, in a small amount. In the case 
where the cationic compound is contained in the multi-layered ink fixing layer, particular in the outermost ink fixing 
layer but substantially not in the undercoat layer, the cast-coated outermost ink fixing layer exhibits an extremely ex- 
5 eel lent gloss. 

[0042] Preferably, the content of the cationic compound in the intermediate ink fixing layer or layers located between 
the outermost ink fixing layer and the undercoat layer is preferably lower than that in the outermost ink fixing layer, 
more preferably 50% or less, still more preferably 20% or less, of that in the outermost ink fixing layer. The intermediate 
ink fixing layer or layers may contain substantially no cationic compound. 

10 [0043] When the cationic compound is contained only in the outermost ink fixing layer and the undercoat layer and 
the intermediate ink fixing layer (or layers) are substantially free from the cationic agent, the resultant outermost ink 
fixing layer exhibits an extremely excellent gloss. Also, since the coloring material in the ink is preferentially fixed in 
the outermost ink fixing layer, the resultant recorded images have a high color density. Further, since the pigment 
particles in the inkf ixing layer (or layers) have a particle size of 1 urn or less and exhibit a high transparency, the images 

15 fixed in the outermost ink fixing layer exhibit an enhanced color density. 

[0044] A term "cation amount" refers to a total amount of cationic groups of the cationic compound contained in each 
layer of the ink jet recording material. Namely, the cation amount is the product of an amount of the cationic compound 
contained in each layer and having one or more cationic groups per molecule thereof with the cation intensity of the 
cationic compound. The cation intensity refers to the milli equivalent of the cation groups per g of the cationic compound 

20 and can be determined by a colloid titration method or a flow electric potential method. In the flow electric potential 
method, the difference in measurement result between individual operators is small and thus this method is preferably 
used for the cation intensity measurement. The cation intensity is represented in the units of milli equivalent/g, and 
thus the cation amount is represented in the units of milli equivalent per layer. 

[0045] To enhance the gloss of the ink jet recording material, a complex of colloidal silica with a polymer resin pro- 
25 duced by polymerizing at least one monomer having at least one ethylenically unsaturated bond is contained in the 
undercoat layer. The reasons for the enhancement in the gloss is not completely clear. It is assumed that the presence 
of the above-mentioned complex in the undercoat layer causes the penetration of a coating composition for the multi- 
layered ink fixing layer applied onto the undercoat layer into the undercoat layer to be prevented or restricted, while 
the ink absorbing property of the undercoat layer is kept unchanged. Also, it is found that when the outermost inkfixing 
30 layer is formed by a cast-coating method using a casting drum, the presence of the complex in the undercoat layer 
contributes to enhancing the release property of the resultant cast-coated layer from the casting drum, but the reasons 
for enhancement are not clear. 

[0046] The polymer resins produced by polymerizing the monomers having the ethylenically unsaturated bonds in- 
clude polymers produced by polymerizing at least one ethylenically unsaturated monomer selected from acrylate esters 

35 having an alkyl group, a hydroxyalkyl or an epoxidized alkyl with 1 to 18 carbon atoms, for example, methyl acrylate, 
ethyl acrylate, butyl acrylate, 2-ethylhexyl acrylate, lauryl acrylate, 2-hydroxyethyl acrylate, and glycidyl acrylate; meth- 
acrylate esters having an alkyl, a hydroxyalkyl or epoxidized alkyl group with 1 to 1 8 carbon atoms, for example, methyl 
methacrylate, ethyl methacrylate, 2-hydroxyethyl methacrylate, 2-hydroxypropyl methacrylate and glycidyl methacr- 
ylate; and styrene, a-methylstyrene, vinyl toluene, vinyl chloride, vinyiidene chloride, vinyl acetate, vinyl propionate, 

40 acrylic amide, N-methyl acrylic amide, ethylene and butadiene. 

[0047] The polymers may be selected from copolymers of two or more ethylenically unsaturated comonomers, or 
substitution derivatives of the polymers and copolymers mentioned above. The substitution derivatives of the polymers 
and copolymers include carboxylated and alkali-reactive modified polymers and copolymers. 
[0048] The complex of the colloidal silica with the polymer can be produced by polymerizing the ethylenically un- 

45 saturated monomer or monomers in the presence of a silane coupling agent and a colloidal silica to form a Si-O-R 
bond (R represents the polymer component) through which the polymer molecules are bonded with the colloidal silica 
particles. Alternatively, the polymer/silica complex is produced by reacting a polymer modified with a silanol group with 
the colloidal silica to form a Si-O-R bond (R is as defined above) through which the polymer molecules are bonded 
with the colloidal silica particles. 

so [0049] In the polymer/silica complex, the polymer component preferably has a glass transition temperature (Tg) of 
40°C or more, more preferably 50 to 1 00°C. When the Tg is too low, the resultant undercoat layer may exhibit a reduced 
ink-absorbing rate and the ink received in the ink fixing layer may be blotted, probably due to the phenomenon that 
the resultant polymer/silica complex causes the dried undercoat layer to have too dense a film structure. When the Tg 
of the polymer/silica complex is more than 40°C, the outermost ink fixing layer formed by the cast-coating procedure 

55 may exhibit an enhanced release property from the casting drum. 

[0050] Preferably, the coating composition for the undercoat layer comprising the above-mentioned components is 
prepared in a solid content of about 5 to 50% by weight and is coated in a dry solid amount of 2 to 100 g/m 2 , more 
preferably 5 to 50 g/m 2 , still more preferably 10 to 20 g/m 2 , on a surface of the substrate material. When the amount 
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of the undercoat layer is too small, the enhancement effect on the ink absorption property of the undercoat layer may 
be insufficient and the outermost ink fixing layer of the multi-layered inkfixing layer formed on the undercoat layer may 
exhibit an unsatisfactory gloss. When the amount of the undercoat layer is too large, the color density of the ink images 
may be decreased and the coating layers formed on the substrate material may exhibit a poor mechanical strength 

5 and thus may exhibit a powder-forming phenomenon and a poor resistance to mechanical damage. The coating com- 
position for the undercoat layer can be coated on the substrate material by a conventional coating apparatus, for 
example, a blade coater, an air knife coater, a roll coater, a brush coater, a champlex coater, a bar coater, a lip coater, 
a gravure coater, a curtain coater , a slot die coater or a slide coater, and dried. Optionally, the dried undercoat layer 
is subjected to a smoothing treatment by a super calender, or by brushing. 

w [0051] In the ink jet recording material of the present invention, the undercoat layer formed on the substrate material 
is coated with a multi-layered inkfixing layer comprising at least two inkfixing layers superposed on each other, namely 
an outermost inkfixing layer located outermost of the ink jet recording material and at least one intermediate inkfixing 
layer located between the outermost inkfixing layer and the undercoat layer. The multi-layered inkfixing layer contains 
a binder and a pigment comprising at least one member selected from the group consisting of silica, aluminosilicate, 

is alumina and zeolite, which are in the form of fine secondary particles having an average secondary particle size of 1 
ujti or less and each secondary particle is composed of a plurality of primary particles agglomerated with each other 
to form a secondary particle. 

[0052] The pigment preferably comprises silica and/or aluminosilicate, more preferably silica. The pigments con- 
tained in the outermost ink fixing layer and the intermediate ink fixing layer or layers may be different from each other. 
20 [0053] In the ink jet recording material of the present invention, at least one intermediate ink fixing layer arranged 
between the outermost ink fixing layer and the undercoat layer or the substrate layer contributes to enhancing the 
uniform absorption of the ink by the multi-layered inkfixing layer, the reduction in ink-blotting, and to forming uniform 
colored images with a high clarity and free from uneven color density. 

[0054] The secondary particles of the pigment contributes to enhancing the uniform ink absorption of the multi-colored 
25 inkfixing layer. 

[0055] The secondary particles of the pigment have an average secondary particle size of 1 ujti or less, preferably 
800 nm or less, more preferably 10 to 500 nm, still more preferably 1 0 to 300 nm, further preferably 15 to 150 nm, still 
further preferably 20 to 100 nm. 

[0056] Preferably, the primary particles of the pigment, from which the secondary particles are formed, have an 
30 average primary particle size of 3 nm or more but not more than 40 nm, more preferably 5 to 30 nm, still more preferably 
7 to 20 nm. 

[0057] Since the particle size of the pigment is small, the resultant outermost and intermediate inkfixing layers exhibit 
a high transparency and thus fix therein ink images having a very high color density. 

[0058] As an example of the pigment for the multi-layered ink fixing layer, the fine silica particles will be explained 
35 below. 

[0059] There is no limitation to the preparation method of the fine particles of pigment, for example, silica, etc., for 
the each of the inkfixing layers. For example, the fine silica particles can be produced by imparting a strong shearing 
force to particles of synthetic amorphous silica, which are generally available in trade and having a secondary particle 
size of several urn, by mechanical means, to pulverize the particles and to reduce the size of the particles. As the 
40 mechanical pulverizing means, an ultrasonic homogenizer, a pressertype homogenizer, a high speed rotation mill, a 
roller mill, a container-driving catalyst mill, a catalyst stirring mill, a jet mill or a sand grinder is employed. The pulverized 
fine silica particles is usually obtained in the state of an aqueous dispersion (slurry or colloidal solution) having a solid 
content of 5 to 20% by weight. 

[0060] In the present invention, the average particle size of the pigment particles is determined by an electron mi- 
45 croscopic measurement using a SEM or a TEM. In this measurement, an electron microscopic photograph of the 
pigment particles is taken at a magnification of 1 0,000 to 400,000; in the photograph, the martin size of the particles 
located in an area of 5 cm x 5 cm is measured, and the data is averaged. This measurement method is disclosed in 
"FINE PARTICLE HANDBOOK", ASAKURA SHOTEN, page 52, 1991 . 

[0061] The fine pigment particles, for example, fine silica particles, usable for the multi-layered ink fixing layer have 
so an average secondary particle size controlled to 1 u,m or less, preferably 800 nm or less, more preferably 10 to 500 
nm, still more preferably 1 0 to 300 nm, further preferably 15 to 150 nm, still further preferably 20 to 100 nm. When the 
average secondary particle size of the fine silica particles is more than 1 ujti, the resultant multi-layered inkfixing layer 
exhibit an unsatisfactory transparency to cause the color density of the images formed by the coloring material of the 
ink and fixed in the multi-layered inkfixing layer to be reduced, and thus the fixed images do not exhibit a desired color 
55 density. Also, when fine silica particles have a very small average secondary particle size, for example less than 10 
nm, the resultant multi-layered ink fixing layer may exhibit an unsatisfactory ink absorbing property, the received ink 
images may be blotted, and thus the resultant ink images fixed in on the multi-layered ink fixing layer may be unsat- 
isfactory in clarity and color density thereof. 
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[0062] In the fine pigment (silica) particles usable for the multi-layered ink fixing layer, the primary particles, from 
which the secondary particles are constituted, preferably have an average primary particle size controlled to 3 nm or 
more but not more than 40 nm, more preferably 5 to 30 nm, still more preferably 7 to 20 nm. When the average primary 
particle size is less than 3 nm, in the resultant secondary particles, the size of empty spaces formed between the 
5 primary particles may become very small, and thus the absorption capacity of the pigment secondary particles for the 
coloring material and the medium (solvent) of the ink may be reduced, and the resultant ink images fixed in the multi- 
layered ink fixing layer may exhibit an unsatisfactory quality. 

Also, when the average primary particle size of the fine pigment (silica) particles is more than 40 nm, the resultant 
secondary particles of the pigment (silica) may have too large a secondary particle size, the resultant multi-layered ink 
10 fixing layer may exhibit an unsatisfactory transparency, the images of the coloring material of the ink fixed in the multi- 
layered ink fixing layer may exhibit an unsatisfactory color density and thus the resultant fixed ink images may be 
unsatisfactory in clarity and color density. 

[0063] In each of the outermost and intermediate ink fixing layers in the multi-layered ink fixing layer, the fine pigment 
(silica) particles having the average secondary particle size of 1 urn or less are preferably present in an amount of 50% 

15 by weight or more based the total weight of the pigment contained the multi-layered ink fixing layer. When the content 
of the fine pigment particles in all the pigment is less than 50% by weight, the resultant multi-layered ink fixing layer 
may exhibit an unsatisfactory transparency, and thus the quality of the ink images fixed therein may be unsatisfactory. 
[0064] The binder usable for the multi-layered ink fixing layer preferably comprises at least one member selected 
from water-soluble polymeric materials, for example, polyvinyl alcohol, modified polyvinyl alcohols, for example, cation- 

20 modified polyvinyl alcohols and silyl-modified polyvinyl-alcohol, casein, soybean protein, synthetic proteins, starch, 
modified starches, for example, oxidized starch, and cellulose derivatives, for example, carboxymethylcellulose and 
methylcellulose; and water-insoluble polymeric materials, for example, latices of conjugated diene copolymers, for 
example, styrene-butadiene copolymers and methyl methacrylate-butadiene copolymers, latices of vinyl polymers, for 
example, styrene-vinyl acetate copolymers, water-dispersible acrylic resins, water-dispersible polyrnethane resins, 

25 water-dispersible polyester resins and others, which are well known as binders for coated paper production. These 
binders can be used alone or in a combination of two or more thereof. 

[0065] The water-dispersible polyurethane resins include a urethane emulsion, a urethane latex and a polyurethane 
latex. The polyurethane resin is a polymeric compound produced by a reaction of a polyisocyanate compound with an 
activated hydrogen atom-containing compound, and contains a relatively large number of urethane bonds and urea 
30 bonds per molecule. 

[0066] There is no limitation to the polyisocyanate compounds usable for the polyurethane resin. The polyisocyanate 
compound is preferably selected from aromatic polyisocynanates, for example, trilenediisocyanate and 4,4'-diphenyl- 
methanediisocyanate, and aliphatic and cycloaliphatic polyisocyanates, for example, hexamethylene diisocyanate and 
isophoronediisocyanate. 

35 [0067] The activated hydrogen atom-containing compounds for producing the polyurethane resins are generally se- 
lected from organic compounds having a hydroxy I group and/or an amino group. These compounds may be polymeric 
or monomeric. The polymeric activated hydrogen atom-containing compounds include, for example, polyesterdiols, 
polyetherdiols and polycarbonatediols. The monomeric activated hydrogen atom-containing compounds include glycol 
compounds, for example, ethylene glycol, 1 ,4-butanediol, and 1 ,6-hexanediol, and diamine compounds, for example, 

40 isopropyldiamine and hexamethylenediamine. 

[0068] The polyurethane resins dispersed or emulsified in the form of fine particles in an aqueous medium will be 
referred to as aqueous polyurethane resins hereinafter In the aqueous dispersion or emulsion, the particles of the 
polyurethane resins preferably have a particle size of 0.001 to 20 u,m. In this case, the aqueous dispersion or emulsion 
appears as a clear aqueous solution, a semitransparent colloidal dispersion or a milky white emulsion. The aqueous 

45 polyurethane resins are classified into three classes, namely compulsoriiy emulsified resins prepared by compulsority 
emulsifying the polyurethane resins in the presence of an emulsifying agent by a high mechanical shearing force, self- 
emulsified resins having hydrophilic groups, for example, ionic groups introduced into the molecular chains of the resins 
and exhibiting an enhanced hydrophilic property, and self-emulsifiable in the presence of no emulsifying agent in water 
with a high storage stability, and water-soluble resins which are soluble in water. Among these types of aqueous poly- 

so urethane resins, the self-emulsifiable aqueous polyurethane resins having a high gloss-providing property and a high 
water resistance are preferably employed for the multi-layered ink-fixing layer of the present invention. The self-emul- 
sifiable aqueous polyurethane resins are classified, in response to the type of the hydrophilic groups introduced into 
the molecular chains thereof, into three types, namely, cationic resins (having, for example, amino groups), anionic 
resins (having, for example, carboxyl groups and/or sulfon groups) and nonionic resins (having, for example, polyeth- 

55 yleneglycol groups.) Among these aqueous polyurethane resins usable for the outermost ink fixing layer, cationic aque- 
ous polyurethane resins having tertiary amine groups introduced into the molecular chains of the resins and neutralized 
with acid or changed to quaternary ammonium salt groups, are preferably used. When the aqueous polyurethane resins 
are cationic, the resultant casted outermost ink fixing layer exhibits an excellent ink-absorbing property and the resultant 
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ink images fixed thereon exhibit an excellent color density. Also, when the cationic compound is contained as an 
aqueous ink fixing agent in the cast-coated outermost ink fixing layer, the aqueous polyurethane resin exhibits a high 
compatibility with the cationic compound. 

[0069] When the cationic compound is contained in each of the individual ink fixing layers, the binder is preferably 
5 selected from cationic binders and nonionic binders which causes the resultant coating composition for the ink fixing 
layers to exhibit a high storage stability. The binder is preferably contained in an amount of 1 to 200 parts by weight, 
more preferably 5 to 1 00 parts by weight per 1 00 parts by weight of the pigment. When the content of the binder is too 
small, the resultant individual ink fixing layer may exhibit an unsatisfactory mechanical strength, the surface of the 
outermost ink fixing layer may have a low resistance to mechanical damage, and a powder-forming phenomenon may 
10 occur on the resultant outermost ink fixing layer. When the content of the binder is too high, the resultant individual ink 
fixing layers may have an insufficient ink absorbing property, and thus may exhibit an unsatisfactory ink jet recording 
performance. 

[0070] Particularly, when the content of the binder (per 1 00 parts by weight of the pigment) in the outermost ink fixing 
layer is adjusted to a level higher than that in the intermediate ink fixing layer or layers, the resultant outermost ink 

15 fixing layer may exhibit a good balance between the surface strength and the ink absorbing property thereof. 

[0071] Generally, the resin usable as a binder for the cast-coated outermost ink fixing layer preferably has a glass 
transition temperature of -20°C or more, more preferably 40°C or more. This binder resin contributes to enhancing the 
release property of the resultant cast-coated layer from the casting surface of the casting drum and the ink absorbing 
property of the cast-coated layer for the ink of the ink jet printing system. Still more preferably, the glass transition 

20 temperature of the resin is 60°C or more. The transition temperature of the binder resin is not more than 1 50°C. When 
the glass transition temperature is more than 150°C, the resultant cast-coated layer exhibits a further enhanced release 
property from the casting drum surface and a further increased ink absorbing property, but the resultant cast-coated 
may exhibit a reduced gloss, an increased brittleness and a decreased mechanical strength and thus when the resultant 
ink jet recording material is cut or folded, a large amount of dust may be generated from the recording material or 

25 portions of the cast-coated outermost ink fixing layer of the recording material may be lost. Therefore, use of a com- 
bination of two binder resins different in glass transition temperature from each other in response to the required prop- 
erties is usually advantageous. The reasons for this advantage is not clear. It is assumed that when a binder resin 
having a binder glass transition temperature is mixed with a binder resin having a lower glass transition temperature, 
they do not form a uniform mixture structure and form an "islands in a sea" structure in which one of the resins are 

30 dispersed in the form of small islands in a sea (matrix) composed of another one of the resins, and the islands-in-a 
sea structure of the resin mixture contributes to enhancing the binder resins to exhibit the characteristic properties 
thereof. When two or more binder resins are used in a mixture thereof, at least one of them preferably has a glass 
transition temperature of -20°C or more. Among various types of binder resins, preferably polyetherpolyurethane resins 
and polyesterpolyurethane resins are employed as a binder for the outermost ink fixing layer. 

35 [0072] Since the coloring material contained in the ink for the ink jet printing is usually anionic, the outermost ink 
fixing layer preferably contains a cationic compound to fix the coloring material in the ink. For this purpose, the cationic 
compound is used in a mixture with the fine particles of a pigment such as silica. When the fine pigment particles are 
fine silica particles, the silica particles are usually anionic and thus when mixed with the cationic compound, the resultant 
mixture may be coagulated. In this case, in a uniform mixing method, when amorphous silica particles available in the 

40 trade and having a secondary particle size of several um are pulverized and dispersed by applying a strong mechanical 
shearing force to the particles, the cationic compound is mixed with the amorphous silica particles and they are dis- 
persed together before the pulverizing procedure, and then the mixture is subjected to the pulverizing procedure using 
mechanical pulverizing means or in another mixing method, the cationic compound is mixed with the finely pulverized 
silica secondary particles to cause the resultant mixture to be thickened and coagulated, and then the coagulated 

45 mixture is mechanically pulverized and dispersed to control the particle size to a desired value. 

[0073] In the resultant pigment prepared by the above-mentioned methods, a portion of the cationic compound is 
bonded to the pigment particles, and the resultant particles can be dispersed in an aqueous medium with a high stability. 
Therefore, even when a cationic compound is further added, the resultant aqueous sluny exhibits a high resistance to 
coagulation. 

50 [0074] The cationic compounds usable for the present invention include, for example, cationic resins and monomeric 
cationic compounds, for example, cationic surfactants. To enhance the color density of the ink images fixed in the multi- 
layered ink fixing layer, preferably the cationic resins are employed in the state of an aqueous solution or emulsion. 
The cationic resins are optionally modified with a cross-linking agent into water-insoluble cationic organic pigment 
particles. The cross-linked cationic organic pigment particles can be prepared by copolymerizing the cationic resin with 

55 a poly-functional cross-linking monomer or by modifying a cationic resin having reactive functional groups, for example, 
hydroxyl, carboxyl, amino and/or acetoacetyl group by means of heat or radiation optionally in the presence of a cross- 
linking agent. 

[0075] In some cases, the cationic compounds, particularly the cationic resins, serve as a binder. 
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[0076] The cationic resins include, for example, 

(I) polyalkylenepolyamines for example, polyethylenepolyamine and polypropylenepolyamine and derivatives 
thereof; 

5 (2) acrylic resins having a secondary amino group, a tertiary amino groups and/or a quaternary ammonium group; 

(3) polyvinyl amines and polyvinyl amidines; 

(4) cationic dicyan resins, typically dicyandiamide-formaldehyde poly-condensation products; 

(5) cationic pofyamine resins, typically dicyandramide-diethylenetriamine poly-condensation products; 

(6) epichlorohydrin-dimethylamine addition-polymerization products; 
10 (7) dimethyldiallylammonium chloride-S0 2 copolymerization products; 

(8) diallyldramine salt-S0 2 copolymerization products; 

(9) dimethyldiallylammonium chloride-polymerization products; 

(10) allylamine salt-polymerization products; 

(II) dialkylaminoethyl(meth) acrylate quaternary salt-polymerization products; and 
is (12) acrylamide-diallylamine salt copolymerization products. 

[0077] The cationic compounds contribute to enhancing the resistance of the fixed ink images to water. In each 
individual ink fixing layer, the cationic compound is preferably contained in an amount of 1 to 100 parts by weight, more 
preferably 5 to 50 parts by weight per 1 00 parts by weight of the pigment. When the content of the cationic compound 

20 is too low, the resultant color density-enhancing effect for the ink images may be insufficient. When the cationic com- 
pound content is too high, the resultant ink images may exhibit an unsatisfactory color density and a poor resistance 
to blotting and may be uneven. In most cases, the desired effect of the cationic compound can be obtained by containing 
the cationic compound in at least the outermost ink fixing layer of the multi-layered ink fixing layer. However, when the 
amount of the ink applied to the recording material is large or the amount of the outermost ink fixing layer is small, the 

25 cationic compound is preferably contained in at least one of the intermediate ink fixing layers, in addition to the outermost 
ink fixing layer. 

[0078] The cationic compounds include those having a specifically high effect on the enhancement of the color density 
of the fixed ink images and those exhibiting a high effect on the enhancement of the water resistance, and thus should 
be selected in response to the specific properties thereof and in view of the purpose of use. The cationic compounds 

30 may be employed alone or in a combination of two or more thereof. 

[0079] When the intermediate ink fixing layer is formed on the substrate material or the undercoat layer, a conven- 
tional coating device, for example, a blade coater, air knife coater, a roll coater, a brush coater, a champlex coater, a 
bar coater, a lip coater, a gravure coater, a curtain coater, a slot die coater or a slide coater, can be employed. 
[0080] The total dry solid amount of the intermediate ink fixing layers other than the outermost ink fixing layer is 

35 preferably 1 to 50 g/m 2 , more preferably 1 .5 to 30 g/m 2 . When the coating amount is less than 1 g/m 2 , the ink images 
may be blotted in the ink jet recording procedure, and when it is more than 50 g/m 2 , the resultant fixed ink images may 
have an insufficient color density. When the intermediate ink fixing layers are formed on the undercoat layer, the re- 
sultant intermediate ink fixing layer may be the sufficient even in a total amount of about 1 to 1 0 g/m 2 . 
[0081] When the same coating composition as that for the outermost is coated to form the intermediate ink fixing 

*o layer, a conventional coating device, for example, a blade coater, air knife coater, a roll coater, a brush coater, a cham- 
plex coater, a bar coater, a lip coater, a gravure coater, a curtain coater, a slot die coater or a slide coater, can be 
employed. 

[0082] In the ink jet recording material of the present invention, the outermost ink fixing layer Is formed by a cast- 
coating procedure. In the cast-coating procedure, a coating liquid layer is dried on a specular surface of a casting drum 
45 (a metal drum, a plastic resin drum or a glass drum) or of a metal plate, plastic resin sheet or film, under pressure to 
form a coating layer having a smooth and glossy surface transferred from the specular surface of the casting drum 
plate, sheet or film. 

[0083] In the procedure for forming a cast-coated layer by using a specular casting drum, a coating composition 
(liquid) is coated on a surface of an intermediate ink fixing layer, and the coating composition layer is pressed onto a 

so heated specular surface of the casting drum while the coating composition layer is kept in wetted condition, under 
pressure, and dried. This method is referred to as a wet casting method. Alternatively, a coating composition (liquid) 
is coated on a surface of the intermediate ink fixing layer, is dried and rewetted with water, and then the rewetted 
coating composition layer is pressed onto the heated specular surface of the casting drum under pressure, and dried. 
This method is referred to as a re-wet casting method. 

55 [0084] The cast-coating procedure can be carried out by directly coating a heated specular casting surface of a 
casting drum with a cast-coating composition, and then, the resultant cast-coating composition layer is pressed onto 
the intermediate ink fixing layer surface on the substrate material under pressure, and dried. This method is referred 
to as a pre-casting method. 
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[0085] The heated specularsurfaceof the casting drum preferably has a temperature of 40 to 20 0°C, more preferably 
70 to 150°C. When the specular surface temperature is less than 40°C, a long time may be required to complete the 
drying of the cast-coated layer, the resultant cast-coated layer surface may exhibit an unsatisfactory gloss, and the 
producibility of the outermost ink fixing layer may be significantly low. When the cast-coating temperature is more than 

5 200°C, the surface of the resultant cast-coated layer may be rough and may exhibit an unsatisfactory gloss. 

[0086] In the cast-coating procedures in which a cast-coating composition for the outermost ink fixing layer is coated 
on an intermediate ink fixing layer, the coating composition layer is pressed onto a heated specular surface of a casting 
drum under pressure, while the coating composition is kept in a wetted condition, and dried on the specular surface, 
a procedure for promoting a non-mobility of the coating composition may be applied to the coating composition to 

10 restrict the penetration of the coating composition into the intermediate ink fixing layer. For this procedure, (1) a gelat- 
inizing agent is contained in the intermediate ink fixing layer to promote the non-mobility of the cast-coating composition 
for the outermost ink fixing layer; (2) a gelatinizing agent is coated on or impregnated in the intermediate ink fixing 
layer to promote the non-mobility of the cast-coating composition for the outermost ink fixing layer; (3) after the cast- 
coating composition for the undermost ink fixing layer is coated, a gelatinizing agent for promoting the non-mobility of 

*s the coating composition is coated on or impregnated in the coating composition layer; or (4) in the preparation of the 
cast coating composition for the outermost ink fixing layer, a gelatinizing agent capable of promoting the non-mobility 
of the cast-coating composition in the drying step for the cast-coating composition layer is added to the cast-coating 
composition. 

[0087] As a gelatinizing agent for the cast-coating composition, boric acid, formic acid, salts of these acids, aldehyde 

20 compounds and epoxy compounds which serve as cross-linking agents for the binder, can be employed. 

[0088] In the above-mentioned cast-coating methods, when the wet casting method is used, keeping the time be- 
tween the coating of the cast-coating composition and the start of drying the cast-coating composition layer pressed 
onto the heated specular casting surface as short as possible contributes to preventing or restricting the penetration 
of the cast-coating composition into the intermediate ink fixing layer and to enhancing the gloss. Also, a procedure in 

25 which, immediately before the intermediate ink fixing layer comes into contact with the specular casting surface, the 
cast-coating composition is applied between a gap between the intermediate ink fixing layer and the specular casting 
surface, and the cast-coating composition stream is immediately pressed between the intermediate ink fixing layer 
surface and to specular casting surface, which procedure is referred to as a nip-casting method, is particularly preferred 
to significantly restrict the penetration of the cast-coating composition into the intermediate ink fixing layer and to obtain 

30 an outermost ink fixing layer, having a high gloss, capable of fixing ink images with a high color density. 

[0089] The each individual ink fixing layer optionally contains an additive comprising at least one member selected 
from pigments, anti-foaming agent, coloring materials, fluorescent brightening agents, anti-static agents, preservatives, 
dispersing agents and thickening agents which are usable for conventional coated paper sheets for printing and the 
conventional ink jet recording sheets, to control the whiteness, viscosity and the fluidity of the coating composition. 

35 [0090] Also, the cast-coating composition for the outermost ink fixing layer preferably contains a release agent to 
improve the release property of the dried cast-coated layer from the specular casting surface. 
[0091] The release agent comprises at least one member selected from, for example, higher fatty acid amides, for 
example, stearic acid amide and oleic acid amide; polyolefin waxes, for example, polyethylene waxes, oxidized poly- 
ethylene waxes and polypropylene waxes; higher fatty acid salts, for example, calcium stearate, zinc stearates, po- 

40 tassium oleate and ammonium oleate; lecithin; silicone compounds, for example, silicone oils and silicone waxes and 
fluorine compounds, for example, polytetra fluoroethylene. In the case where the outermost ink fixing layer contains a 
cationic compound, the release agent is preferably cation ic. 

[0092] The release agent is preferably contained in an amount of 0.1 to 50 parts by weight, more preferably 0.3 to 
30 parts by weight, still more preferably 0.5 to 20 parts by weight, per 1 00 parts by weight of the pigment. If the content 

45 of the release agent is too low, the release property-improving effect may be insufficient, and if the release agent 
content is too high, the resultant cast-coated outermost ink fixing layer may exhibit an unsatisfactory gloss and too 
high a ink-repellent property and the fixed ink images may have a unsatisfactory color density. 
[0093] The outermost ink fixing layer is preferably formed in a dry solid weight of 0.1 to 20 g/m 2 , more preferably 0.2 
to 10 g/m 2 , still more preferably 0.5 to 5 g/m 2 . If the dry solid weight is less than 0.1 g/m 2 , a satisfactory gloss of the 

50 ink jet recording material may not be obtained and, if it is more than 20 g/m 2 , the ink images received on the resultant 
outermost ink fixing agent may exhibit an unsatisfactory resistance to blotting and the fixed ink images may exhibit an 
unsatisfactory color density. 

[0094] The outermost ink fixing layer formed by the specular surface cast-coating method is optionally further 
smoothed by a super calender treatment 
55 [0095] To provide a photograph-printing paper sheet-like appearance on the ink jet recording material of the present 
invention, the 75° specular gloss of the surface of the outermost ink fixing layer determined in accordance with Japanese 
Industrial standard (JIS) P8142 is preferably 30% or more, more preferably 40% or more, still more preferably 50% or 
more, further preferably 65% or more. 
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EXAMPLES 

[0096] The present invention will be further illustrated by the following examples which are merely representative 
and the scope of the present invention is not intended to be restricted by the examples in any way. 
5 [0097] For the Examples 1 to 7 and Comparative Examples 1 to 7 a substrate paper sheet, and fine silica particles 
and a mixture of fine silica particles with a cationic compounds were prepared by the procedures as shown below. 

(1 ) Preparation of a substrate paper sheet 

w [0098] An aqueous pulp slurry containing 100 parts by weight of a wood pulp (LBKP, CSF; 400 ml), 5 parts by weight 
of calcined kaolin having an oil absorption of 80 ml/100g and an average particle size of 2 jim (trademark: ANSILEX, 
made by ENGELHARD MINERALS), 0.05 part of a rosin size, 1.5 parts by weight of aluminum sulfate, 0.5 part by 
weight of a wet strength agent comprising a water-soluble polyamide-epichlorohydrin resin and 0.75 part by weight of 
starch was subjected to a paper forming procedure using a wire paper machine, to produce a paper sheets having a 

15 base weight of 1 40 g/m 2 . The resultant substrate paper sheet had a stockigt sizing degree of 1 0 seconds and a thickness 
of 180 u.m. 

(2) Preparation of fine silica particles 
20 Fine silica particles A 

[0099] An aqueous dispersion of synthetic amorphous silica particles having an average secondary particle size of 
4.5 u.m and an average primary particle size of 15 nm (traedemark: FINESIL X-45, made by TOKUYAMA K.K.) was 
subjected to repeated pulverizing procedures using a pressure type homogenizer (model: superpressure type homog- 
25 enizer GM-1, made by SMT K.K.) under a pressure of 49.0 MPa (500 kg/cm 2 ). The resultant aqueous dispersion 
contained the pulverized silica particles having a decreased average secondary particle size of 50 nm and an un- 
changed average primary particle size of 15 nm, and had a solid content of 12%. 

Fine silica particles B 

30 

[0100] An aqueous dispersion of synthetic amorphous silica particles having an average secondary particle size of 
3.0 u.m and an average primary particle size of 11 nm (traedemark: NIPSIL HD-2, made by NIPPON SILICA KOGYO 
K.K.) was subjected to repeated pulverizing procedures using a pressure type homogenizer (model: superpressure 
type homogenizer GM-1, made by SMT K.K.) under a pressure of 49.0 MPa (500 kg/cm 2 ). The resultant aqueous 
35 dispersion contained the pulverized silica particles having a decreased average secondary particle size of 200 nm and 
an unchanged average primary particle size of 11 nm, and had a solid content of 12%. 

Fine silica particles C 

40 [0101] An aqueous dispersion of synthetic amorphous silica particles having an average secondary particle size of 
9 u.m and an average primary particle size of 16 nm (traedemark: NIPSIL LP, made by NIPPON SILICA KOGYO K.K.) 
was subjected to repeated pulverizing procedures using a pressure type homogenizer (model: superpressure type 
homogenizer GM-1 , made by SMT K.K.) under a pressure of 49.0 MPa (500 kg/cm 2 ). The resultant aqueous dispersion 
contained the pulverized silica particles having a decreased average secondary particle size of 600 nm and an un- 

45 changed average primary particle size of 16 nm, and had a solid content of 12%. 

(3) Mixing of fine silica particles with a cationic compound 

[0102] In each of the examples and comparative Examples, the fine silica particles A, B or C were mixed with a 

50 cationic compound by the following procedures. 

[0103] The fine silica particle containing aqueous dispersion was mixed with the cationic compounds. In the resultant 
mixture, the silica particles were agglomerated to increase the viscosity of the aqueous dispersion. The aqueous dis- 
persion was subjected to a pulverizing procedure using a pressure type homogenizer (model: superpressure type 
homogenizer GM-1 , made by SMT K.K.) under a pressure of 49.0 MPa (500 kg/cm 2 ) to such an extent that the average 

55 particle size of the agglomerated silica secondary particles is reduced to the original average secondary particle size. 
It was confirmed that during the above-mentioned procedures, no change in the average primary particle size of the 
silica particles occurred. 
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Example 1 

[0104] A coating composition for an undercoat layer having a dry solid content of 20% by weight was prepared in 
the following composition. 



Coating composition for undercoat layer 


(Dry solid content: 20% by weight) 


Component 


Part by weight 


Synthetic amorphous silica (trademark: FINESIL X-60, made by TO KU YAM A K.K.), 


80 


average secondary particle size: 6.0u.m 




average primary particle size: 15 nm 

Zeolite (trademark: TOYOBUILDER, made by TOSO K.K.), 


20 


average particle size: 1 .5 pm 

Silyl-modified polyvinyl alcohol (trademark: R1130, made by KURARAY K.K.) 
Aqueous emulsion of complex of styrene-2-methylhexyl acrylate copolymer having a glass 
transition temperature of 75°C with colloidal silica having an average particle size of 30 nm, in a 
weight ratio of the copolymer to the colloidal silica of 40:60, and an average size of emulsified 
particles of 80 nm 

Fluorescent brightening agent (trademark: WHITEX BPSH, made by SUMITOMO 
KAGAKUKOGYO K.K.) 


20 
40 

2 


[01 05] The above-mentioned coating composition was coated on a surface of the substrate paper sheet by using an 
air knife coater and dried to form an undercoat layer having a dry solid weight of 15 g/m 2 . 

[0106] Acoatingcomposition having asolid content of 13% by weight for an intermediate inkfixing layerwas prepared 
in the following composition. 


Coating composition for intermediate inkfixing layer 


(Dry solid content: 13% by weight) 


Component 


Part by weight 


Fine silica particles A 

Diallyldimethylammonium chloride-acrylamide copolymer (cationic compound, trademark: PAS-J- 
81 , made by NITTO BOSEKI K.K.) 

Cationic aqueous polyetherpolyurethane resin (trademark: F-8564D, made by DAIICHI 
KOGYOSEIYAKU K.K., Tg = 70°C) 


100 
10 

20 


[0107] Also, a coating composition having a dry solid content of 1 0% by weight for an outermost ink fixing layer was 
prepared in the following composition. 


Coating composition for outermost ink fixing layer 


(Dry solid content: 10% by weight) 


Component 


Part by weight 


Fine silica particles A 

Diallylmethylammonium chloride-acrylamide copolymer (cationic compound, trademark: PAS-J- 
81 , made by NITTO BOSEKI K.K.) 

Cationic aqueous polyesterpolyurethane resin (trademark: F-8570D, made by DAIICHI 
KOGYOSEIYAKU K.K., Tg = 1 2°C) 
Release agent (Stearic acid amide) 


100 
25 

60 

2 



[0108] The undercoat layer-coated substrate paper sheet was subjected to coating procedures using a cast-coating 
apparatus equipped with an air knife coater, a drier, a roll coater and a casting drum with a specular casting surface. 



13 



EP 1 048 479 B1 



[0109] The surface of the undercoat layer was coated with the above mentioned coating composition for the inter- 
mediate ink fixing layer by using the air knife coater and dried in the drier to form an intermediate ink fixing layer having 
a dry solid weight of 3 g/m 2 . 

[01 10] Then, the coating composition forthe outermost inkfixing layerwas coated on the intermediate inkfixing layer 
5 by using the roll coater, and immediately the resultant coating composition layerwas pressed onto the specular casting 
surface of the casting drum heated at a temperature of 1 00°C under pressure, and dried to form an outermost ink fixing 
layer having a dry solid weight of 2 g/m 2 , and then the dried outermost ink fixing layerwas separated from the specular 
casting surface. The outermost ink fixing layer surface had a high gloss. A high gloss ink jet recording sheet was 
obtained. 

10 

Comparative Example 1 

[0111] An ink jet recording sheet was produced by the same procedures as in Example 1 with the following excep- 
tions. 

'5 [01 1 2] The substrate paper sheet was coated by the coating composition for the undercoat layer by using an air knife 
coater and dried, to form an undercoat layer having a dry solid content of 15 g/m 2 . 

[01 13] The undercoat layer surface was coated with the same coating composition for the outermost ink fixing layer 
as in Example 1 by using an air knife coater, and the resultant coating composition layerwas semi-dried with cool air 
flow for 20 seconds, the semi-dried coating composition layer having a water content of 1 50% by weight was pressed 
20 onto a heated specular casting surface of a casting drum at a temperature of 100°C under pressure and dried, and 
the dried cast-coated layer was separated from the specular casting surface. The cast-coated layer had a dry solid 
weight of 5 g/m 2 and a high gloss. 

[0114] A comparative ink jet recording sheet was obtained. 

25 Comparative Example 2 

[0115] An ink jet recording sheet was produced by the same procedures as in Example 1 with the following excep- 
tions. 

[01 1 6] The substrate paper sheet was coated by the coating composition for the undercoat layer by using an air knife 

30 coater and dried to form an undercoat layer having a dry solid content of 15 g/m 2 . 

[0117] The undercoat layer surface was coated with the same coating composition for the intermediate ink fixing 
layer as in Example 1 by using an air knife coater, and the resultant coating composition layer was semi-dried with a 
cool air flow for 20 seconds, the semi-dried coating composition layer having a water content of 150% by weight was 
pressed onto a heated specular casting surface of a casting drum at a temperature of 1 00°C under pressure and dried, 

35 and the dried cast-coated layer was separated from the specular casting surface. The cast-coated layer had a dry solid 
weight of 5 g/m 2 and a high gloss. 

[01 18] A comparative ink jet recording sheet was obtained. 
Comparative Example 3 

40 

[0119] An ink jet recording sheet was produced by the same procedures as in Example 1 with the following excep- 
tions. 

[0120] The substrate paper sheet was coated by the coating composition for the undercoat layer by using an air knife 
coater and dried, to form an undercoat layer having a dry solid content of 1 5 g/m 2 . 

45 [0121 ] The undercoat layer surface was coated with the same coating composition for the outermost ink fixing layer 
as in Example 1 by using a roll coater, and immediately the resultant coating composition layer was pressed onto a 
heated specular casting surface of a casting drum at a temperature of 1 20° C under pressure and dried, and the dried 
cast-coated layer was separated from the specular casting surface. The cast-coated layer had a dry solid weight of 2 
g/m 2 and a high gloss. 

so [0122] A comparative ink jet recording sheet was obtained. 

Example 2 

[0123] A high gloss ink jet sheet was produced by the same procedures as in Example 1 , except that the casting 
55 composition for the undercoat layer was prepared in the following composition. 
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Coating composition for undercoat layer 




(Dry solid content: 1 8% by weight) 


5 


Component 


Part by weight 


in 
15 


Synthetic amorphous silica (trademark: FINESIL X-60, made by TOKUYAMA K.K.) 

Zeolite (trademark: TOYOBUILDER, made by TOSO K.K.), average particle 

Silyl-modified polyvinyl alcohol (trademark: R1130, made by KURARAY K.K.) 

Aqueous emulsion of complex of styrene-2-methylhexyl acrylate copolymer having a glass 

transition temperature of 75°C with colloidal silica having an average particle size of 30 nm, in a 

weight ratio of the copolymer to the colloidal silica of 40:60, and an average size of emulsified 

particles of 80 nm 

Fluorescent brightening agent (trademark: WHITEX BPSH, made by SUMITOMO 
KAGAKUKOGYO K.K.) 

Diallyldimethylammonium chloride-acrylamide copolymer (cationic compound, trademark: PAS-J- 
81 , made by NITTO BOSEKI K.K.) 


80 
20 
20 
40 

2 
10 


20 


Example 3 






[0124] A high gloss ink jet sheet was produced by the same procedures as in Example 1 , except that in the preparation 
of each of the coating compositions for the intermediate and outermost ink fixing layers, the fine silica particles A was 
replaced by the fine silica particle B. 


25 


Example 4 




on 


[0125] A high gloss ink jet recording sheet was produced by the same procedures as in Example 1 , except that the 
coating compositions for the undercoat layer, the intermediate ink fixing layer and the outermost intermediate layer 
were respectively prepared in the following compositions. 




Coating composition for undercoat layer 




(Dry solid content: 17% by weight) 


35 


Component 


Part by weight 


Synthetic amorphous silica (trademark: FINESIL X-60, made by TOKUYAMA K.K.) 
average secondary particle size: 6.0 nm 


80 


40 


average primary particle size: 15 nm 

Zeolite (trademark: TOYOBUILDER, made by TOSO K.K.), 


20 


45 
50 


average particle size: 1 .5 \xm 

Silyl-modified polyvinyl alcohol (trademark: R1130, made by KURARAY K.K.) 
Aqueous emulsion of complex of styrene-2-methylhexyl acrylate copolymer having a glass 
transition temperature of 75°C with colloidal silica having an average particle size of 30 nm, in a 
weight ratio of the copolymer to the colloidal silica of 40:60, and an average size of emulsified 
particles of 80 nm 

Fluorescent brightening agent (trademark: WHITEX BPSH, made by SUMITOMO 
KAGAKUKOGYO K.K.) 

Diallyldimethylammonium chloride-acrylamide copolymer (cationic compound, trademark: PAS-J- 
81 , made by NITTO BOSEKI K.K.) 


20 
40 

2 
10 



55 
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Coating composition for intermediate ink fixing layer 


(Dry solid content: 13% by weight) 


Component 


Part by weight 


Fine silica particles A 

Silyl-modified polyvinyl alcohol (trademark: R1130, made by KURARAY K.K.) 


100 
20 



Coating composition for outermost ink fixing layer 


(Dry solid content: 1 0% by weight) 


Component 


Part by weight 


Fine silica particles A 

Silyl-modified polyvinyl alcohol (trademark: R1130, made by KURARAY K.K.) 
Release agent (Stearic acid amide) 


100 
40 
2 



Example 5 

[01 26] A high gloss ink jet sheet was produced by the same procedures as in Example 1 with the following exceptions. 
In the preparation of each of the coating compositions for the outermost and intermediate ink fixing layers, the fine 
silica particles A were replaced by the fine silica particles C. • 

Example 6 

[0127] A high gloss ink jet recording sheet was produced in the same manner as in Example 1 except that the 
composite sheet produced in the same manner as in Example was subjected to a gloss-controlling procedure using a 
mat super calender. The super calender had four rolls including a first roughening roll, a second elastic roll, a third 
elastic roll and a fourth roughening roll. The first roughening roll surface had a Rmax of 4 to 5 u.m and a Rz of 2.5 to 
4.0 urn and the fourth roughening roll surface had a Rmax of 6 - 8 \im and a Rz of 3.5 to 5.0 ujti, which Rmax and Rz 
were measured in accordance with JIS B 0601 . The surface treatment was applied twice to the composite sheet under 
a linear pressure of the rolls of 294.2 N/cm (30 kg/cm) at a roll surface temperature of 30°C. 
[01 28] A gloss-controlled ink jet recording sheet was obtained. 

Comparative Example 4 



[0129] A high gloss ink jet recording sheet was produced by the same procedures as in Example 1 with the following 
exceptions. 

[0130] After the undercoat layer was formed on the substrate paper sheet in the same manner as in Example 1 , a 
coating compositions for a cast-coated layer having the composition shown below was coated in a dry solid amount 
of 6 g/m 2 on the undercoat layer, and immediately the resultant coating composition layer was pressed onto a heated 
specular casting surface of a casting drum at a surface temperature of 80°C, and dried, and the dried cast-coated layer 
was separated from the casting surface. A comparative high gloss ink jet recording sheet was obtained. 



Coating composition for cast-coated layer 


(Dry solid content: 25% by weight) 


Component 


Part by weight 


Aqueous emulsion of complex of styrene-2-methylhexyl acrylate copolymer having a glass 


100 


transition temperature of 75°C with colloidal silica having an average particle size of 30 nm, in a 




weight ratio of the copolymer to the colloidal silica of 40:60, and an average size of emulsified 




particles of 80 nm 




Thickening and dispersing agent (alkyl vinylether-maleic acid derivative copolymer) 


5 


Release agent (Lecithin) 


3 


Note: The colloidal silica particles were non-agglomerated primary particles. 
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10 



15 



20 



Comparative Example 5 

[0131] A high gloss ink jet recording sheet was produced by the same procedures as in Example 1 , except that the 
intermediate and outermost ink fixing layers were omitted. 

[0132] Namely, the resultant comparative ink jet recording sheet had no ink fixing layer. 
Comparative Example 6 

[0133] The same substrate paper sheet as in Example 1 was employed as an ink jet recording sheet. 

[0134] The resultant ink jet recording sheets of Examples 1 to 6 and Comparative Examples 1 to 6 were subjected 

to the following tests. 

(1) Inkjet recording property 

[0135] The recording sheets were printed by using an ink jet printer (model: BJC700J, made by CANON K.K.) 
(a) Uniformity of solid print 

[0136] The uniformity in color density of solid print with a cyan-colored ink and a magenta-colored ink superposed 
on each other formed on the recording sheet was evaluated by the naked eye observation, into the following four 
classes. 



25 



35 



Class 



4 
3 
2 
1 



Uniformity 



Color density is uniform. Excellent. 
Slight unevenness is found. Good. 

Certain unevenness is found. Practical use is slightly difficult. 
Uneven. Practical use is difficult. 



30 (b) Ink-drying property 

[0137] The drying property of the solid printed cyan-colored and magenta-colored inks superposed on each other 
formed on the recording sheet was evaluated into the following two classes. 



Class 



Ink-drying property 



Immediate after printing, no staining is found on the finger touched to the solid print. 
Immediate after printing, some staining is found on the finger touched to the solid print. 



40 [0138] The color density of a black-colored solid print on the recording sheet was measured by using a Macbeth 
reflection color density tester (model: RD-914). 

(2) Gloss 

45 [0139] A 75° specular gloss of a non-printed portion of the recording sheet was measured in accordance with JIS P 
8142. 

(3) Surface strength 

so [01 40] A front surface of a recording sheet was lightly rubbed five times with a back surface thereof, and the degree 
of damage formed on the front and back surfaces was evaluated into the following three classes. 



55 



Class 



3 
2 
1 



Damage 



Substantially no damage is found. 

Certain damages are found, and practical use is slightly difficult. 
Significant damages are found and practical use is difficult. 
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(4) Appearance 



[0141] The appearance of the recording sheet was evaluated, by naked eye observation, into the following four 
classes. 



10 



Class 


Appearance 


4 


Excellent 


3 


Good 


2 


Slightly bad 


1 


Bad 



(5) General evaluation 

15 [0142] The general quality of the recording sheet was evaluated in view of the quality of the ink images and gloss 
and surface strength of the recording sheet, into the following five classes. 



20 



25 



Class 


Evaluation 


5 


Very excellent 


4 


Excellent 


3 


Satisfactory 


2 


Slightly unsatisfactory 


1 


Unsatisfactory 



[0143] The test results are shown in Table 1 . 



30 



35 



40 



45 



50 



55 



Table 1 



\ Item 


Ink jet recording 


75° 


Surface . 


Appearance 


General 






property 




specular 


strength. 




evaluation 






Uniformity 


Ink 


Color 


gloss 












of solid 


drying 


density 










Examples 




print 


property 


of ink 










No. 








images 












1 


. 4 


2 


.2.4 


70 




4 


5 




2 


4 


2 


' 2.0 


40 


3 


3 


4 




3 


4 


2 


2.2 


50 


3 


3 


4 


Example 


4 


4 


2 


1.9 


45. 


3 


3 


4 




5 


4 


2 


1.9 


30 


3 


2 


3 




6 


4 


2 


2.3 


40 


3<M! 


3(*) 2 . 




Compa- 


1 


2 


1 


. 1.9 


50 


3 


2 


2 


rative 


2 


4 


2 


2.2 


40 


1 


2 


2 


Example 


3 


2 


? 


• 2.0 


30 


"*1 


2 


H 




4 


4 


2 


1.4 


7(r 


3 


3 


2 




5 


2 


2 


1.2 


s 


3 


1 


1 




6 


1 


2 


1.0 


*7 


' 3 


1 


1 



Note: (*.>! ... Very high surface strength 

(*) 2 ... Good in semi-gloss appearance 
(*) 3 ... Excellent as semi-gloss- recording 
sheet 
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[0144] For Examples 11-1 to II-5, a substrate paper sheet, and fine silica particles and a mixture of fine silica particles 
with a cationic compounds were prepared by the procedures as shown below. 

(1) Preparation of a substrate paper sheet 

5 

[01 45] An aqueous pulp slurry containing 1 00 parts by weight of a wood pulp (LBKP, CSF; 400 ml), 5 part by weight 
of calcined kaolin (trademark; ANSILEX, made by ENGELHARD MINERALS), 0.1 part of a rosin size, 1.5 parts by 
weight of aluminum sulfate, 0.5 part by weight of a wet strength agent and 0.75 part by weight of starch was subjected 
to a paper forming procedure using a wire paper machine, to produce a paper sheets having a base weight of 140 g/ 
10 m 2 and an ash content of 5% by weight. The resultant substrate paper sheet had a stockigt sizing degree of 50 seconds 
and a thickness of 1 80 urn. 

(2) Preparation of fine silica particles 
is Fine silica particles A 

[0146] The same as mentioned hereinbefore. 
Fine silica particles B 

20 

[0147] The same as mentioned hereinbefore. 
Fine silica particles C 
25 [0148] The same as mentioned hereinbefore. 

(3) Mixing of fine silica particles with a cationic compound 

[0149] In each of the examples 11-1 to II-5, the fine silica particles A, B or C were mixed with a cationic compound 

so by the following procedures. 

[0150] The fine silica particle-containing aqueous dispersion was mixed with the cationic compound. In the resultant 
mixture, the silica particles are agglomerated to increase the viscosity of the aqueous dispersion. The resultant aqueous 
dispersion was subjected to a pulverizing procedure using a pressure type homogenizer (model: superpressure type 
homogenizer GM-1 , made by SMT K.K.) under a pressure of 49.0 MPa (500 kg/cm 2 ) to such an extent that the average 

35 particle size of the agglomerated silica secondary particles is reduced to the original average secondary particle size 
of. It was confirmed that, during the above-mentioned procedures, no change in the average primary particle size of 
the silica particles occurred. 

Example 11-1 

40 

[0151] A coating composition for an undercoat layer having a dry solid content of 20% by weight was prepared in 
the following composition. 



Coating composition for undercoat layer 


(Dry solid content: 20% by weight) 


Component 


Part by weight 


Synthetic amorphous silica (trademark: FINESIL X-60, made by TOKUYAMA K.K.), 


80 


average secondary particle size: 6.0 u.m 




average primary particle size: 15 nm 




Zeolite (trademark: TOYOBUILDER, made by TOSO K.K.), 


20 


average particle size: 1 .5 um 




Silyl-modified polyvinyl alcohol (trademark: R1130, made by KURARAY K.K.) 


20 
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(continued) 



j Coating composition for undercoat layer 


(Dry solid content: 20% by weight) 


Component 


Part by weight 


Aqueous emulsion of complex of styrene-2-methylhexyl acrylate copolymer having a glass 
transition temperature of 75°C with colloidal silica having an average particle size of 30 nm, in a 
weight ratio of the copolymer to the colloidal silica of 40:60, and an average size of emulsified 
particles of 80 nm 

Fluorescent brightening agent (trademark: WHITEX BPSH, made by SUMITOMO 
KAGAKUKOGYO K.K.) 


40 
2 



[0152] The above-mentioned coating composition was coated on a surface of the substrate paper sheet having the 
stockigt sizing degree of 50 seconds by using an air knife coater and dried to form an undercoat layer having a dry 
solid weight of 15 g/m 2 . 

[0153] A coating composition having asolid content of 13% by weightfor an intermediate inkfixinglayerwas prepared 
in the following composition. 



Coating composition for intermediate ink fixing layer 


(Dry solid content: 13% by weight) 


Component 


Part by weight 


Fine silica particles A 

Polyvinyl alcohol (trademark: PVA117, made by KURARAY K.K.) 


100 
15 



[0154] Also, a coating composition having a dry solid content of 10% by weight for an outermost ink fixing layer was 
prepared in the following composition. 

30 



Coating composition for outermost ink fixing layer 


(Dry solid content: 1 0% by weight) 


Component 


Part by weight 


Fine silica particles A 

Diallylmethylammonium chloride-acryamide copolymer (cationic compound, trademark: PAS-J- 
81 , made by NITTO BOSEKI K.K.) 

Cationic aqueous polyesterpolyurethane resin Tg-modification product of F-8570D, (trademark), 
made by DAIICHI KOGYOSEIYAKU K.K., Tg = 50°C 

Release agent (Cationic polyethylene wax emulsion, trademark: PELTOL N-856, made by KINDAI 
KAGAKUKOGYO K.K.) 


100 
25 

60 

5 



[0155] The surface of the undercoat layer was coated with the above-mentioned coating composition for the inter- 
45 mediate ink fixing layer by using the air knife coater and dried to form an intermediate ink fixing layer having a dry solid 
weight of 5 g/m 2 . 

[0156] Then, the coating composition for the outermost ink fixing layer was coated on the intermediate ink fixing layer 
by using the roll coater, and immediately the resultant coating composition layer was pressed onto the specular casting 
surface of the casting drum heated at a temperature of 1 00°C under pressure, and dried to form an outermost ink fixing 
50 layer having a dry solid weight of 2 g/m 2 , and then the dried outermost ink fixing layer was separated from the specular 
casting surface. The outermost ink fixing layer surface had a high gloss. A high gloss ink jet recording sheet was 
obtained. 

Example II-2 

55 

[01 57] A high gloss ink jet recording sheet was produced by the same procedures as in Example 11-1 , except that in 
the preparation of the coating compositions for the intermediate ink fixing layer, the fine silica particles A were replaced 
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by the fine silica particles C. 
Example II-3 



[0158] A high gloss ink jet recording sheet was produced by the same procedures as in Example 11-1 , except that 
the coating composition for the outermost ink fixing layer was prepared in the following composition. 



Coating composition for outermost ink fixing layer 


(Dry solid content: 10% by weight) 


Component 


Part by weight 


Fine silica particles A 


100 


Diallylmethylammonium chloride-acryamide copolymer (cationic compound, trademark: PAS-J- 
81 , cation intensity: 2.9 milli equivalent/g, made by NITTO BOSEKI K.K.) 


25 


Dicyandiamidepolyethylenepolyamine copolymer (cationic compound, trademark: NEDFIX RP- 
70, cation intensity: 2.9 milli equivalent/g, made by NIKKA KAGAKU K.K.) 


10 


Cationic aqueous polyesterpolyurethane resin Tg-modification product of F-8570D, (trademark), 
made by DAIICHI KOGYOSEIYAKU K.K., Tg = 50°C 


60 


Release agent (Polyethylene wax emulsion) 


5 



[0159] The fine silica particles and the cationic compound were mixed with each other by the same procedures as 
mentioned above, except that, first, 1 00 parts by weight of the five silica particles A were mixed with 1 0 parts by weight 
of the cationic compound PAS-J-81 (trademark), and then the resultant mixture was further mixed with the remaining 
cationic components. 



Example II-4 



[0160] A high gloss ink jet recording sheet was produced by the same procedures as in Example 11-1 , except that 
the coating composition for the intermediate ink fixing layer was prepared in the following composition. 



Coating composition for intermediate ink fixing layer 


(Dry solid content: 13% by weight) 


Component 


Part by weight 


Fine silica particles A 

Diallylmethylammonium chloride-acryamide copolymer (cationic compound, trademark: PAS-J- 
81 , made by NITTO BOSEKI K.K.) 

Polyvinyl alcohol (trademark: PVA117, made by KURARAY K.K.) 


100 
15 

15 



[0161] In the preparation of the coating composition for the outermost ink fixing layer, the fine silica particles were 
mixed with the cationic components in the same procedures as mentioned above, except that, first, 1 00 parts by weight 
of the fine silica particles A were mixed with 10 parts by weight of the cationic compound PAS-J-81 (trademark), and 
then the resultant mixture was further mixed with the remaining cationic components. 



Example H-5 

[0162] A high gloss ink jet recording sheet was produced by the same procedures as in Example 11-1 , except that 
the coating composition for the outermost ink fixing layer was prepared in the following composition. 



Coating composition for outermost ink fixing layer 


(Dry solid content: 10% by weight) 


Component 


Part by weight 


Fine silica particles A 


100 
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(continued) 



Coating composition for outermost ink fixing layer 


(Dry solid content: 10% by weight) 


Component 


Part by weight 


Diallylmethylammonium chloride-acryamide copolymer (cationic compound, trademark: PAS-J- 

81 , cation intensity: 5.9 milli equivalent, made by NITTO BOSEKI K.K.) 

Polyallylamine (trademark: PAA-HCI-3L, made by NITTO BOSEKI K.K.) 

Diaryldimethyl ammonium chloride (trademark: UNISENCE CP91 , made by SENKA K.K.) 

Cationic aqueous polyesterpolyurethane resin Tg-modified product of F-8570D, (trademark), Tg 

= 50°C, made by DAIICHI KOGYOSEIYAKU K.K., Tg = 12°C) 

Release agent (Polyethylene wax emulsion 


10 

5 
15 
60 

5 



15 

[0163] The fine silica particles were mixed with the cationic components in the same mixing manner as mentioned 
above, except that first 1 00 parts by weight of the fine silica particles were mixed with 1 0 parts by weight of the cationic 
compound PAS-J-81 (trademark), and then mixed with the remaining cationic compounds. 
[0164] The resultant ink jet recording sheets of Examples 11-1 to 5 were subjected to the following tests. 

20 

(1) Inkjet recording property 

[0165] The recording sheets were printed by using an ink jet printer (model: BJC700J, made by CANON K.K.) 

25 (a) Uniformity of solid print 

[0166] The uniformity in color density of solid print with a cyan-colored ink and a magenta-colored ink superposed 
on each other formed on the recording sheet was evaluated by the naked eye observation, into the following four 
classes. 



Class 


Uniformity 


3 
2 
1 


Color density is uniform. Excellent. 

Certain unevenness is found. Practical use is slightly difficult. 
Uneven. Practical use was difficult. 



(b) Ink-drying property 

[0167] The drying property of the solid printed cyan-colored and magenta-colored inks superposed on each other 
formed on the recording sheet was evaluated into the following two classes. 



Class 


Ink-drying property 


2 

1 


Immediate after printing, no stain is found on a finger touched to the solid print. 
Immediate after printing, some staining is found on a finger touched to the solid print. 



(c) Color density of ink jet recorded image 

[0168] The color density of a black-colored solid print on the recording sheet was measured by using a Macbeth 
50 reflection color density tester (model: RD-91 4). 

(2) Gloss 

[0169] A 75° specular gloss of non-printed portion of the recording sheet was measured in accordance with JIS P 

55 8142 - 
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(3) Surface strength 

[0170] A front surface of a recording sheet was lightly rubbed five times with a back surface thereof, and the degree 
of damage formed on the front and back surfaces was evaluated into the following three classes. 

5 



Class 


Damage 


3 
2 
1 


Substantially no damage was found. 

Some damage is found, and practical use is slightly difficult. 

Significant damages was found and practical use is difficult. 



(4) Appearance 

[0171] The appearance of the recording sheet was evaluated by the naked eye observation into the following four 
15 classes. 



20 



Class 


Appearance 


4 


Excellent 


3 


Good 


2 


Slightly bad 


1 


Bad 



(5) Water resistance 

25 

[0172] A droplet of water was dropped on a surface of ink image-fixed portion of a printed recording sheet, and the 
wetted recording sheet was dried. The resistance of the ink images to blotting was evaluated by the naked eye into 
the following four classes. 



Class 


Resistance to blotting 


4 


Excellent 


3 


Good 


2 


Slightly unsatisfactory 


1 


Bad 



(6) General evaluation 



[0173] The general quality of the recording sheet was evaluated in view of the quality of the ink images and gloss 
40 and surface strength of the recording sheet, into the following five classes. 



Class 


Evaluaton 


5 


Very excellent 


4 


Excellent 


3 


Satisfactory 


2 


Slightly unsatisfactory 


1 


Unsatisfactory 



[01 74] The test results are shown in Table 2. 



55 
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Table 2 




Example 
No. 



Uniformity 
of solid 
print 



Ink jet recording 
property 



Ink 

drying 
propertyiof 



Color 
density 

ink 
images 



75° 
specular 
gloss 



Surface 
strength 



Appear- 
ance 



Water 
resist- 
ance 



General 
evalu- 
ation 



w 



Example 



II-l 


3 


1 1-2 


3 


II-3 


3 


II-4 


3 


II-5 


3 



2.4 
2.0 
2.2 
1.8 
2.4 



70 
55 
60 
60 
70 



4 

3 
3 
3 
4 



3 
3 
4 
4 
4 



5 
4 
5 
4 
5 



[0175] The ink jet recording material of the present invention exhibits an excellent ink drying property, appearance, 
and gloss and can record thereon ink images having high color density, clarity and uniformity even in a solid print. Also, 
the process of the present invention is useful for producing an ink jet recording material having an excellent ink drying 
property, appearance, and gloss and can record thereon ink images having high color density, clarity and uniformity 
20 even in solid print, at a high production rate with high productivity. 



Claims 



25 1 . An ink jet recording material comprising a substrate material, at least one undercoat layer formed on a surface of 
the substrate material and a multi-layered ink fixing layer composed of one or more Intermediate ink fixing layers 
formed on a surface of the undercoat layer and an outermost ink fixing layer superposed on the intermediate ink 
fixing layers, each of the outermost and intermediate ink fixing layers comprising (a) a pigment comprising at least 
one member selected from the group consisting of a silica, alumina silicate, alumina and zeolite, the pigment in 

30 each ink fixing layer being in the form of fine secondary particles having an average secondary particle size of 1 

\im or less and each secondary particle being composed of a plurality of primary particles agglomerated with each 
other to form a secondary particle, and (b) a binder, the outermost ink fixing layer being formed by a cast-coating 
procedure, characterised in that the undercoat layer comprises (a) a pigment in the form of secondary particles 
having a secondary particle size of 1 to 20 u.m, (b) a binder and (c) a complex of a polymer of at least one monomer 

35 having a least one ethylenically unsaturated bond with colloidal silica. 

2. The ink jet recording material as claimed in claim 1 , wherein the pigment contained in each ink fixing layer is silica. 

3. The ink jet recording material as claimed in claim 1or claim 2, wherein a cationic compound having one or more 
40 cationic groups per molecule is further contained in at least the outermost ink fixing layer of the multi-layered ink 

fixing layer. 



4. The ink jet recording material as claimed in any preceding claim, wherein the cast-coating procedure for forming 
the outermost ink fixing layer is carried out by bringing a layer of a coating composition for the outermost ink fixing 
45 layer into contact with a heated specular surface of a casting drum under pressure, while the coating composition 

layers is kept in a wetted condition, and drying the coating composition layer on the heated specular surface of 
the casting drum. 



5. The ink jet recording material as claimed in any preceding claim, wherein the pigment in the multi-layered inkfixing 
so layer is in the form of secondary particles having an average secondary particle size of 10 to 500 nm and each 

secondary particle is composed of a plurality of primary particles having an average primary particle size of 3 to 
40 nm and agglomerated with each other to form a secondary particle. 

6. The ink jet recording material as claimed in claim 3, wherein the multi-layered inkfixing layer comprises an outer- 
55 most ink fixing layer and an intermediate ink fixing layer, and the outermost and intermediate ink fixing layers 

respectively contain a cationic compound having one or more cationic groups per molecule in an amount such 
that the intermediate ink fixing layer has a total content indicated in units of milli equivalent, of the cationic groups, 
of 50% or less of the total content indicated in units of milli equivalent of the cationic groups contained in the 
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outermost ink fixing layer. 

7. The ink jet recording material as claimed in claim 3, wherein the multi-layered ink fixing layer comprises an outer- 
most ink fixing layer and an intermediate ink fixing layer, the outermost ink fixing layer containing a cationic com- 

5 pound and the intermediate ink fixing layer not containing a cationic compound. 

8. The ink jet recording material as ciaimed in any preceding claim, wherein the undercoat layer contains a cationic 
compound having one or more cationic groups per molecule, and the total content, in units of milli equivalent, of 
the cationic groups in the undercoat layer is 50% or less of the total content, in units of milli equivalent, of the 

10 cationic groups in the outermost ink fixing layer. 

9. The ink jet recording material as claimed in any preceding claim, wherein the surface of the outermost ink fixing 
layer has a gloss at a specular angle of 75 degrees of 30% or more, determined in accordance with JIS P 8142. 

is 10. The ink jet recording material as claimed in claim 1 , wherein the undercoat layer does not contain a cationic com- 
pound and at least the outermost ink fixing layer in the multi-layered ink fixing layer contains a cationic compound. 

11. The ink jet recording material as claimed in any preceding claim, wherein the pigment for the undercoat layer 
comprises at least one member selected from the group consisting of amorphous silica, alumina and zeolite. 

20 

12. The ink jet recording material as claimed in any preceding claim, wherein, in the multi-layered ink fixing layer, the 
binder and the pigment are present in a weight ratio of 5:100 to 100:100 in terms of binder to pigment. 

13. The ink jet recording material as claimed in any preceding claim, wherein, in the multi-layered ink fixing layer, the 
25 outermost ink fixing layer contains the binder in a higher proportion, based on the amount of the pigment, than 

that in the intermediate ink fixing layers. 

14. The ink jet recording material as claimed in any preceding claim, wherein the binder for the multi-layered ink fixing 
layer comprises a polyurethane resin. 

30 

15. The ink jet recording material as claimed in claim 1 4, wherein the polyurethane resin is a cationic polyurethane resin. 

16. The ink jet recording material as claimed in any preceding claim, wherein the binder for the outermost ink fixing 
layer contains a polymeric material having a glass transition temperature of -20°C to 1 50°C. 

35 

17. A process for producing an ink jet recording material, the process comprising coating a surface of a substrate 
material with at least one undercoat layer and then further with a multi-layered ink fixing layer composed of one 
or more intermediate ink fixing layers formed on a surface of the undercoat layer and an outermost ink fixing layer 
superposed on the intermediate ink fixing layers, each of the outermost and intermediate ink fixing layers com- 

40 prising (a) a pigment comprising at least one member selected from the group consisting of a silica, aluminasilicate, 

alumina and zeolite, the pigment for the multi-layered ink fixing layer being in the form of fine secondary particles 
having an average secondary particle size of 1 um or less and each secondary particle being composed of a 
plurality of primary particles agglomerated with each other to form a secondary particle, and (b) a binder, the 
outermost ink fixing layer located outermost of the multi-layered ink fixing layer being formed by a cast-coating 

45 procedure wherein a layer of a coating composition for the outermost ink fixing layer is brought into contact with 

a heated specular surface of a casting drum under pressure, while the coating composition layer is kept in a wetted 
condition, and drying the coating composition layer pressed on the heated specular surface of the casting drum, 
characterised in that the undercoat layer comprises (a) a pigment in the form of secondary particles having a 
secondary particle size of 1 to 20 urn, (b) a binder and (c) a complex of a polymer of at least one monomer having 

so at least one ethylenically unsaturated bond with colloidal silica. 



Patentanspruche 

55 1 . Tintenstrahlaufzeichnungsmaterial, umfassend ein Substratmaterial, mindestens eine Grundierschicht, die auf ei- 
ner Oberflache des Substratmaterials ausgebiidet ist, und eine mehriagige Tmtenfixierungsschicht, die aus einer 
Oder mehreren Tintenf ixierungszwischenschichten, die auf einer Oberflache der Grundierschicht ausgebiidet sind, 
und einer au&ersten Tintenf ixierungsschicht, die auf den Tmtenflxierungszwischenschichten aufliegt, besteht, wo- 
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bei jede der auBersten Tintenfixierungsschicht und derTintenfixierungszwischenschichten folgendes umfasst (a) 
ein Pigment, das mindestens ein Mitglied umfasst, ausgewahlt aus der Gruppe, bestehend aus Siliciumdioxid, 
Aluminiumsilikat, Aluminiumoxid und Zeolith, wobei das Pigment in jeder Tintenfixierungsschicht in der Form von 
feinen Sekundarteilchen mit einer mittleren SekundarteilchengroBe von 1 u.m oder weniger vorliegt und jedes 

5 Sekundarteilchen aus einer Vielzahl von Primarteilchen besteht, die unter Bildung eines Sekundarteilchen mitein- 

ander agglomeriert sind, und (b) ein Bindemittel, wobei die auBerste Tintenfixierungsschicht mittels eines 
GieBstreichverfahrens ausgebildet ist, dadurch gekennzeichnet, dass die Grundierschicht folgendes umfasst 
(a) ein Pigment in der Form von Sekundarteilchen mit einer SekundarteilchengroBe von 1 bis 20 u.m, (b) ein Bin- 
demittel und (c) einen Komplex eines Polymers von mindestens einem Monomer mit mindestens einer ethylenisch 

10 ungesattigten Bindung mit kolloidatem Siliciumdioxid. 

2. Tintenstrahlaufzeichnungsmaterial nach Anspruch 1, wobei das in jeder Tintenfixierungsschicht enthaltene Pig- 
ment Siliciumdioxid ist. 

15 3. Tintenstrahlaufzeichnungsmaterial nach Anspruch 1 oder Anspruch 2, wobei eine kationische Verbindung mit einer 
Oder mehreren kationischen Gruppen pro Molekul ferner in mindestens der auBersten Tintenfixierungsschicht der 
mehrlagigen Tintenfixierungsschicht enthalten ist. 

4. Tintenstrahlaufzeichnungsmaterial nach einem der vorherigen Anspriiche, wobei das GieBstreichverfahren zur 
20 Ausbildung der auBersten Tintenfixierungsschicht durchgefuhrt wird, in dem eine Schicht einer Beschichtungszu- 

sammensetzung fur die auBerste Tintenfixierungsschicht unter Druck in Kontakt gebracht wird mit einer erwarmten 
Spiegeloberflache einer GieBtrommel, wahrend die Beschichtungszusammensetzungsschicht in einem ange- 
feuchteten Zustand gehaften wird, und die Beschichtungszusammensetzungsschicht auf der erwarmten Spiege- 
loberflache der GieBtrommei getrocknet wird. 

25 

5. Tintenstrahlaufzeichnungsmaterial nach einem der vorherigen Anspriiche, wobei das Pigment in der mehrlagigen 
Tintenfixierungsschicht in der Form von Sekundarteilchen mit einer mittleren SekundarteilchengroBe von 10 bis 
500 nm vorliegt und jedes Sekundarteilchen aus einer Vielzahl von Primarteilchen, die eine mittlere Primarteil- 
chengroBe von 3 bis 40 nm aufweisen und unter Ausbildung eines Sekundarteilchen miteinander agglomeriert 

30 sind, besteht. 

6. Tintenstrahlaufzeichnungsmaterial nach Anspruch 3, wobei die mehrlagige Tintenfixierungsschicht eine auBerste 
Tintenfixierungsschicht und eine Tintenfixierungszwischenschicht umfasst und die auBerste Tintenfixierungs- 
schicht bzw. dieTintenfixierungszwischenschicht ein kationische Verbindung mit einer oder mehreren kationischen 

35 Gruppen pro Molekul in einer solchen Menge enthalten, dass die Tintenfixierungszwischenschicht einen in Ein- 

heiten von Milliaquivalent angegebenen Gesamtgehalt der kationischen Gruppen von 50% oder weniger des in 
Einheiten von Milliaquivalent angegebenen Gesamtgehalts der kationischen Gruppen, die in der auBersten Tin- 
tenfixierungsschicht enthalten sind, aufweist. 

*o 7. Tintenstrahlaufzeichnungsmateria! nach Anspruch 3, wobei die mehrlagige Tintenfixierungsschicht eine auBerste 
Tintenfixierungsschicht und eine Tintenfixierungszwischenschicht umfasst, wobei die auBerste Tintenfixierungs- 
schicht eine kationische Verbindung enthalt und dieTintenfixierungszwischenschicht keine kationische Verbindung 
enthalt. 

45 8. Tintenstrahlaufzeichnungsmaterial nach einem der vorherigen Anspriiche, wobei die Grundierschicht eine katio- 
nische Verbindung mit einer oder mehreren kationischen Gruppen pro Molekul enthalt und der Gesamtgehalt, in 
Einheiten von Milliaquivalent, der kationischen Gruppen in der Grundierschicht 50% oder weniger des Gesamt- 
gehalts, in Einheiten von Milliaquivalent, der kationischen Gruppen in der auBersten Tintenfixierungsschicht ist. 

50 9. Tintenstrahlaufzeichnungsmaterial nach einem der vorherigen Anspriiche, wobei die Oberflache der auBersten 
Tintenfixierungsschicht einen Glanz bei einem Spiegelungswinkel von 75° von 30% oder mehr aufweist, bestimmt 
gemaBJISP8142. 

10. Tintenstrahlaufzeichnungsmaterial nach Anspruch 1 , wobei die Grundierschicht keine kationische Verbindung ent- 
55 halt und zumindest die auBerste Tintenfixierungsschicht in der mehrlagigen Tintenfixierungsschicht eine kationi- 
sche Verbindung enthalt. 

11. Tintenstrahlaufzeichnungsmaterial nach einem der vorherigen Anspriiche, wobei das Pigment fur die Grundier- 



26 



EP 1 048 479 B1 



schicht mindestens ein Mitglied umfasst, das aus der aus amorphem Siliciumdioxid, Aluminiumoxid und Zeolith 
bestehenden Gruppe ausgewahlt ist. 

12. Tintenstrahlaufzeichnungsmaterial nach einem der vorherigen Anspruche, wobei in der mehrlagigen Tintenfixie- 
5 rungsschtcht das Bindemittel und das Pigment in einem Gewichtsverhaltnis von 5:100 bis 100:100 bezogen auf 

Bindemittel zu Pigment vorhanden sind. 

13. Tintenstrahlaufzeichnungsmaterial nach einem der vorherigen Anspruche, wobei in der mehrlagigen Tintenfixie- 
rungsschicht die auBerste Tintenfixierungsschicht, basierend auf der Menge des Pigments, das Bindemittel in 

10 einem Anteil enthalt, der groBer ist als der in den Tlntenfixierungszwischenschichten. 

14. Tmtenstrahlaufzeichnungsmaterial nach einem der vorherigen Anspruche, wobei das Bindemittel fur die mehrla- 
gige Tintenfixierungsschicht ein Polyurethanharz umfasst. 

is 15. Tintenstrahlaufzeichnungsmaterial nach Anspruch 14, wobei das Polyurethanharz ein kationisches Polyurethan- 
harz ist. 

16. Tmtenstrahlaufzeichnungsmaterial nach einem der vorherigen Anspruche, wobei das Bindemittel fur die auBerste 
Tintenfixierungsschicht ein polymeres Material mit einer Glasubergangstemperaturvon -20 °C bis 150 °C enthalt. 

20 

1 7. Verfahren zur Herstellung eines Tintenstrahlaufzeichnungsmaterials, wobei das Verfahren folgendes umfasst, Be- 
schichten einer Oberflache eines Substratmaterials mit mindestens einer Grundierschicht und dann ferner mit 
einer mehrlagigen Tintenfixierungsschicht, die aus einer Oder mehreren Tintenfixierungszwischenschichten, die 
auf einer Oberflache der Grundierschicht ausgebildet sind, und einer auBersten Tintenfixierungsschicht, die auf 

25 den Tintenfixierungszwischenschichten aufliegt, besteht, wobei jede der auBersten Tintenfixierungsschicht und 

derTlntenfixierungszwischenschichten folgendes umfasst (a) ein Pigment, das mindestens ein Mitglied umfasst, 
das aus der aus Siliciumdioxid, Aluminiumsiiicat, Aluminiumoxid und Zeolith bestehenden Gruppe ausgewahlt ist, 
wobei das Pigment fur die mehrlagige Tintenfixierungsschicht in der Form von f einen Sekundarteilchen mit einer 
mittleren SekundarteilchengroBe von 1 u.m oder weniger vorliegt und jedes Sekundarteilchen aus einer Vielzahl 

30 von Primarteilchen, die unter Ausbildung eines Sekundarteilchens miteinander agglomeriert sind, besteht, und (b) 

ein Bindemittel, wobei die die auBerste Tintenfixierungsschicht, die als auBerste der mehrlagigen Tintenfixierungs- 
schicht angeordnet ist, ausgebildet wird durch ein GieBstreichverfahren, bei dem eine Schicht einer Beschich- 
tungszusammensetzung fur die auBerste Tintenfixierungsschicht unter Druck in Kontakt gebracht wird mit einer 
erwarmten Spiegeloberflache einer GieBtrommel, wahrend die Beschichtuhgszusammensetzungsschicht in einem 

35 angefeuchteten Zustand gehalten wird, und die auf die erwarmte Spiegeloberflache der GieBtrommel gepresste 

Beschichtungszusammensetzungsschicht getrocknet wird, dadurch gekennzeichnet, dass die Grundierschicht 
folgendes umfasst (a) ein Pigment in der Form von Sekundarteilchen mit einer SekundarteilchengroBe von 1 bis 
20 u.m, (b) ein Bindemittel und (c) einen Komplex eines Polymers von mindestens einem Monomer mit mindestens 
einer ethylenisch ungesattigten Bindung mit kolloidalem Siliciumdioxid. 

40 

Revendications 

1 . Materiau d'enregistrement par jet d'encre comprenant un materiau de substrat, au moins une sous-couche formee 
45 sur une surface du materiau de substrat et une couche de fixation d'encre multicouche composee d'une ou plu- 

sieurs couches de fixation d'encre intermediates formees sur une surface de la sous-couche et une couche de 
fixation d'encre la plus exterieure superposee sur les couches de fixation d'encre intermediaires, chacune des 
couches de fixation d'encre les plus exterieures et intermediaires comprenant (a) un pigment comprenant au moins 
un element selectionne dans le groupe constitu6 d'une silice, du silicate d'alumine, de I'alumine et de la zeolite, 

50 le pigment dans chaque couche de fixation d'encre etant sous la forme de fines particules secondaires ayant une 

taille de particule secondaire moyenne de 1 u,m ou moins et chaque particule secondaire etant composee d'une 
plurality de particules primaires agglomeYees les unes avec les autres pour former une particule secondaire, et 
(b) un liant, la couche de fixation d'encre la plus exterieure etant formee par une procedure de revetement par 
coulage, caracterise en ce que la sous-couche comprend (a) un pigment sous la forme de particules secondaires 

55 ayant une taille de particule secondaire de 1 a 20 u.m, (b) un liant et (c) un complexe d'un polymere d'au moins 

un monomere ayant au moins une liaison ethylene non saturee avec la silice colloTdale. 

2. Materiau d'enregistrement par jet d'encre selon la revendication 1 , dans lequel le pigment contenu dans chaque 
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couche de fixation d'encre est de la silice. 

3. Materiau d'enregistrement par jet d'encre selon la revendication 1 ou la revendication 2, dans lequel un compose 
catlonique ayant un ou plusieurs groupes catlonlques par molecule est egalement contenu dans au moins la couche 

5 de fixation d'encre la plus exterieure de la couche de fixation d'encre multicouche. 

4. Materiau d'enregistrement par jet d'encre selon Tune quelconque des revendications precedentes, dans lequel la 
procedure de revetement par coulage pour former la couche de fixation d'encre la plus exterieure est executee 
par la mise en contact d'une couche de composition de revetement pour la couche de fixation d'encre la plus 

10 exterieure avec une surface speculaire chauffee d'un tambour de coulage sous pression, tandis que les couches 

de composition de revetement sont maintenues dans un etat humecte, et par le sechage de la couche de compo- 
sition de revetement sur la surface speculaire chauffee du tambour de coulage. 

5. Materiau d'enregistrement par jet d'encre selon Tune quelconque des revendications precedentes, dans lequel le 
is pigment dans la couche de fixation d'encre multicouche est sous la forme de particules secondaires ayant une 

taille de particule secondaire moyenne de 1 0 a 500 nm et chaque particule secondaire est composee d'une pluralite 
de particules primaires ayant une taille de particule primaire moyenne de 3 a 40 nm et agglomerees les unes avec 
les autres pour former une particule secondaire. 

20 6. Materiau d'enregistrement par jet d'encre selon la revendication 3, dans lequel la couche de fixation d'encre mul- 
ticouche comprend une couche de fixation d'encre la plus exterieure et une couche de fixation d'encre interme- 
diaire, et les couches de fixation d'encre les plus exterieures et intermediaires contiennent respectivement un 
compose cationique ayant un ou plusieurs groupes cationiques par molecule dans une quantite telle que la couche 
de fixation d'encre intermediaire a un contenu total indique en unites de millis equivalents, des groupes cationiques, 

25 de 50 % ou moins du contenu total indique en unites de millis equivalents des groupes cationiques contenus dans 

la couche de fixation d'encre la plus exterieure. 

7. Materiau d'enregistrement par jet d'encre selon la revendication 3, dans lequel la couche de fixation d'encre mul- 
ticouche comprend une couche de fixation d'encre la plus exterieure et une couche de fixation d'encre interme- 

30 diaire, la couche de fixation d'encre la plus exterieure contenant un compose cationique et la couche de fixation 

d'encre intermediaire ne contenant pas de compose cationique. 

8. Materiau d'enregistrement par jet d'encre selon I'une quelconque des revendications precedentes, dans lequel la 
sous-couche contient un compose cationique ayant un ou plusieurs groupes cationiques par molecule, et le con- 

35 tenu total, en unites de millis equivalents, des groupes cationiques dans la sous-couche est de 50 % ou moins du 

contenu total, en unites de miliis equivalents, des groupes cationiques dans la couche de fixation d'encre la plus 
exterieure. 

9. Materiau d'enregistrement par jet d'encre selon I'une quelconque des revendications precedentes, dans lequel la 
40 surface de la couche de fixation d'encre la plus exterieure a un brillant a un angle speculaire de 75 degres de 30 

% ou plus, determine d'apres la norme JIS P 8142. 

10. Materiau d'enregistrement par jet d'encre selon la revendication 1 , dans lequel la sous-couche ne contient pas de 
, compose cationique et au moins la couche de fixation d'encre la plus exterieure dans la couche de fixation d'encre 

45 multicouche contient un compose cationique. 

11. Materiau d'enregistrement par jet d'encre selon I'une quelconque des revendications precedentes, dans lequel le 
pigment pour la sous-couche comprend au moins un element selectionn6 dans le groupe constitu6 de silice amor- 
phe, d'alumine et de zeolite. 

50 

12. Materiau d'enregistrement par jet d'encre selon I'une quelconque des revendications precedentes, dans lequel, 
dans la couche de fixation d'encre multicouche, le liant et le pigment sont presents dans une proportion en poids 
comprise entre 5/1 00 et 1 00/1 00 de liant par rapport au pigment. 

55 13.- Materiau d'enregistrement par jet d'encre selon I'une quelconque des revendications precedentes, dans lequel, 
dans ia couche de fixation d'encre multicouche, la couche de fixation d'encre la plus exterieure contient le liant 
dans une proportion plus elevee, en fonction de la quantite du pigment, que dans les couches de fixation d'encre 
intermediaires. 
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14. Materiau d'enregistrement par jet d'encre selon i'une quelconque des revendications precedentes, dans lequel le 
liant pour la couche de fixation d'encre multicouche comprend une resine de polyurethane. 

15. Materiau d'enregistrement par jet d'encre selon la revendication 14, dans lequel la resine de polyurethane est une 
5 resine de polyurethane catlonique. 

16. Materiau d'enregistrement par jet d'encre selon I'une quelconque des revendications prec6dentes, dans lequel le 
liant pour la couche de fixation d'encre la plus exterieure contient un materiau polymere ayant une temperature 
de transition vitreuse de -20 °C a 150 °C. 

10 

17. Procede pour produire un materiau d'enregistrement par jet d'encre, le procede consistent a revetir une surface 
d'un materiau de substrat avec au moins une sous-couche, puis avec une couche de fixation d'encre multicouche 
composee d'une ou plusieurs couches de fixation d'encre intermediates formees sur une surface de la sous- 
couche et une couche de fixation d'encre la plus exterieure superposee sur les couches de fixation d'encre inter- 

*s mediaires, chacune des couches de fixation d'encre les plus exterieures et intermediates comprenant (a) un pig- 

ment comprenant au moins un element selectionne dans le groupe constitue d'une silice, du silicate d'alumine, 
de i'alumine et de la zeolite, le pigment pour la couche de fixation d'encre multicouche etant sous la forme de 
particules secondaires fines ayant une taille de particulesecondaire moyenne de 1 ^m ou moins etchaque particule 
secondaire etant composee d'une plurality de particules primaires agglomerees les unes avec les autres pour 

20 former une particule secondaire, et (b) un liant, la couche de fixation d'encre la plus exterieure situee le plus a 

I'exterieur par rapport a la couche de fixation d'encre multicouche 6tant formee par une procedure de revetement 
par coulage, une couche d'une composition de revetement pour la couche de fixation d'encre la plus exterieure 
etant mise en contact avec une surface speculate chauffee d'un tambour de coulage sous pression, tandis que 
la couche de composition de revetement est maintenue dans un etat humecte, et la couche de composition de 

25 revetement pressee sur la surface speculate chauffee du tambour de coulage elant sechee, caracterise en ce 

que la sous-couche comprend (a) un pigment sous la forme de particules secondaires ayant une taille de particule 
secondaire de 1 a 20 urn, (b) un liant et (c) un complexe d'un polymere d'au moins un monomere ayant au moins 
une liaison ethylene non saturee avec la silice colloTdale. 
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